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(^yic ajjLUI 4_ijjJ,l 4_iiLjJI jjlj^aJI (JjjkLl! (jylg-tl 1-jJjJlIIIj (jyJ-flJI rtuiltlLI LaLtll 4 iriiiiji,! ^ 1 1 n" 



CjL^>.jIl!L! 4^e_uJ aLaTufczl IJlA ^LlJ 4 jj-a-*-!! (jjj-*-" 4r 2^^1'J.I 4ji^t,lj 4_l1A]Ij 'Lu-STJ! L-ajLLijJI JJt-iIu 
<JJ>jlj-a (_yic Lul j J-aTiAJ (J aL^SLLa (j-Laj - i ^ >1 ^l J^* 1 - 1 4^ p-*-" ^_ < 1 1 «aj (_jJ-ll ^jla^JI I Jak lyu£ (jjS {_ys a JjJ > nil 

(jjju J »^~t t^jjjjijl ijt^ull 4JUtc *.a j ^_ Laji^ jl > <i" 1 nVI (J^-l (j-« (jLjj^lj /oJUJLi tcI 1 11 U «LiLiji sjja lt^-j 

.LuiLu-a 4LajJilI,l JjjJI >_al 1^1 1, JLG 4JL1I 

*> a J 2j II 'uJ^jJI <_)jLrej]l *_a (j fljj 4_uL>ol aaiaji tc_aLLI! ^j^U'ia p^.p .^.".t 4_aLxJ! Sjljj! 1 " 1 La -^ JiJ9j 
4jI ua-uaj>o a'al^-. » J_4jl]I ,_3j_i_u d)l JLLalLa j^aUo 4jjJl>. <U_a-Lc l_i_JL_oI Jj^j ' ij-uj JlJ I Tcal^dl $.l_Li A_ 
«J_l£=jJI (Jila-i i^jJI A-iiLajJI 4-il^.U j-uLiil jIJlC.1 pjj-iftMJ £_ fljIaJJI oJJt, CcITloj Jj9j < d"l ,IU", ^ ^lLTl? 
tjj) 1 11 Jlla-l ^'-^ i^-*- ' (jL>J J^^~" ' '"'" (jr^- L^"- 1 4r J- u '-*-^' -^-^i-^ ^j ' 'U_i_)j_Ll!I 7c_al^JI *l_b A_ 4_u_uL_ujl 
(_£Jl!I ^La-til J-^I^II *-a 4-La-ltJI 4jJjJI Jj^ljjj d^-pJ (^^4^' S-^J^'j 'intl p-lUTlU ilaLtll 4 iiniijJUj J-a-tJI 
j '^— >| ^—ljjJlj py-aljjjj *> I aL^au a ajJa-ij AjL^III ^_ (jLrtUI <>Ju4> r-j^ejJ t^a-tJI 3j-" '** '^'-^" l " 4jisj^3 

.'i_Li_uL_u J I d'il ilU", a (^.uLsO ti— 4-Lt^lj j '^— >| a t < _j-«a-<J1 (jj 1 11 ) 1 al ,^.",tl 

'**" '^~*J "J CjL^=j^ta /o 1 11^ (-JjjJit (J|j_lj) Jj^jJI ALksJ 4_ujjJl1II 4_ljJL>JI oJl4i (JjLJjjj 

^^ i^^-", \\ I juj Laj^LII CjIjL^XI 1 il , ,,"^-.1 d ^ i^~ < (JjLilu 4_i^j_>. diuij^bj^a 4-lLSHj I CjLlL^sJL! 

j^l «dJI jj^a (J^aG 4_ljJjJljJI 4_txL>JI aJJk i±LiJlJ (j\l * ''-^" (jr^J ^-4>mi j_ljiajj (^^^ '^-"^ LaLsJI 2jl J^flj 
1 LlH)lL]| j^)- jJ->»J ' La 1 •■ '" (_ijJLj/I_i i Laj^UI 4jj_ajjJaJI CjljL^i.1 (Jjo-a G £— jUliLjua J^-* ■"■ ) p j ■ ■■" (jl (J^-J 

.CjIjL^U OjJt, 11I. ,.",^— I 4_iia£. (<UlJiJ (_P-II (JL^a-ifu ^(Ij dll S-uialilj 4Jl t" 1 n^LlJ 

^pta » jai 11 4j] laLusj^ 4-ir«.j Li I j * a ^j ;, Ltaj ■ ui.1 a Lkjljtcl (j,^ (j' 1 -*^'-^' t3^^ o' (J I '" ' 4JLllj 



w_ALm jji^Iajj p j 1 LgaHJ 4^sL«JI 3jl^VI 







. /cJL-u J 4-LTe.co J «U| (_yic _J jLA^ta LL-U (t-Lc (*^ ' " '' _J "- i^stl j A_L>» J| ^j-*3>-J-j' 'Ujl [Hint 
J CjLL>.I Mill J d)l '^~~'J 1 1 (j-a j-<j^=lI I L^J j J "- ' /jJ-I' CjL^=j^>Jkl /<ukl ^j-a J|j_ijJI CjL^=j^ta J-ftJLi 

(j| CjL^=j^>J,I 4Jl_u-a ^_ j^.^^'a <J^= (jr^ 1 ( -r*-^J ''-V^ Cj^LaL>JI j »j i j ^— > ! I Cj1_L>-1 mi II ^_ 1 ■ a a . ^. -^ 

. L$J 2j>jjJll ^jJLj^JI 4-»laj| J CjL^=j^>Jkl jj^a fj-tll I Jl$J LiyLa ,jj^~~ ' ' 
4 -i laJ I 4jjj^la J CjL^=j^>Jkl tfjufc (j-uJjjG p"M i ii Jlj->-> -SjSjJI (_>^>- ,aLlaJ _l <Uj-L*Jj 4_i_uL>JI <>Ju4> (J^ii>- J 

• J-*- 1 ' > * jLh^° 3^°J *— ■*- >< - i J '*'*' 
. /-I a-£ J MjjJi-l :^ljj>- J] 4_i_uL>JI <>Ju4> p i •■ 2 *" 

t <^~;P' My) fc <tl CjLu/IjJJI (_<-) I JJ*- ^-LaJ>- /j '-"♦"' Cj I Jl>- J (J llfl "•>■ ^J I ^JjILlS M^J la * J | * j^>J I 

L^J Jjl^j-^. « I <ilijJL>- 4_ui_i^=3 j J|j_ijJI diL^aj^ta plj-il J (J-a^- J *I-M 2j_^=l3 ^jjiJjJlJ p~M i u "(Jj^i I 2 Jl>-jJI 

.i_*Jj^>iil dl-il (jyic. Lfc^-<jG J jjl^jJswVI i_ S^C. J^^~~ ' ■*•■" 4j«i itl (Jj^>- JJ^e-iyO : 4_uLjJI 2 Ju»-jJI 

.4_i_ujLjjVI 4 -i laJ jfl «.ljj>.| j L$laj)j-ilu j 4 lill-ie-ll (jJL>JI 4 <a la ) I ' i_3j_*J : 4_l!LlJI 2 Jl>-jJI 

■ 4_lL>-I jJI L#jljj>-I J (_yic- VI J /<ukVI ^Jt J 4_u^i_UjJI .j *-*-tl dll >'^y (j — " *- ' : 4_*_)lj_JI 2 Jl>jJI 

J|j_ijJI CjL^=j^ta ^_ 4-u/LiJ3 j <4_iJL£l. i_JulL1 I ^J-^ 3 (jL>. jJI ^j^— 1 " 4_loj^= 4-i^i I j JlJ J-lqTij : 4 i naL>JI 2 Jl>-jJI 

j 4J|_u^> £_ M^jL^il <_uL>JI ^'irt'tl i_JLLaJI i—)l . ■■^— I ( _ ;r ic. j^=p CjI Jl»-j *_)jj (J J frjjTa£ ( _ ;r i<3J«JI *j^>JI Lai 

.(Jj_ijJI CjL^=j^ta (yJllILi j J[j_ijJI -ij-S^J i _j^3L>JI ^j^>JI ALksj «.ljj>.| -r-yuL^l 
.(jJL>JI a I la * 1 2 JlC.1 i n \\ «.ljj>-VI LLa-uis J 7-y\-L^\ J 4Jl_u^aJ ^j ^"' **■ ' : (_^jVI 2Jl>-jJI 

.( (twkVI ) 4 - 1 ^.^". . ..t I ^jJL>JI 4 V i>»a i u n^ j ' •^^~'j"' J tils (_yic j^=^3 : 4_uLlII 2 Jl>-jJI 
.Aj^jI jJI (jJL>JI a'->- ,'^a , U ,,\ j ( • - ;^~'j" J <-lLa (JLc. j^=jj : 4_lIlLII 2 Jl>-jJI 

4_uLi^= (<JL*j LJ^L>. /<uj '^-tF*- 4_JUjlII j AjjJaJJI CjI jl>-jJI J^— j !tj>.j_ll ^j ^-»~ . .. L^JLi jLl-a-i : ajuIjJI 2 jl>-jJI 

C^Lflaj j ' , ^^~'j" till Jl^= j 'Li p^~" LSellll j «LluLjS 4_Laj^= j aJL«JI ^j^a 4^>ol_Lll (jL>- jJI tjl_aJl JlJ Jljjo j ^jjjLjS 

.4JLJS 3!>^' p-*^ J lII^L^uI JSf J dl j| J'>-'^V J^aj-a^ail tllj^sJkl *ljl *_a 4 iil"cieJLl CjUr <>it,l 

.(_yjfc.lj.LJI )>_Laj>. (_ys 4lLJaJij pj JlS Jlj-ijJLi (^^sLJkJI JjSjJI j_>^>- ALlaj jij^~~ ' ' I Jl^_>^ 

.^-L5tlll j (j^LajjJLi i>-L»vreJLI /-jLu-gj j (_jIj£.J x_a 
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( J^jj ) J>3jjJ! ^UiJ 



dJj^>J,l Jiwj Jlj Jj[pj>*VI CjL1a£. — J[^jJlII CjL^aj^tA < ^J"^* 



3 -- 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 



Lgla.li > ' Jjl^ItSwVI '**' Lu a-g CjjJl>. a j^j^-i j J|j_ijJI ."<l^-i^ -»-a i ^ * i aJ ^yic I— 3jjl.'JI 

: (jr Lc lj->LJ9 (-jjJlLU jj^~ '_' 2 Jl>-jJI <>ju4> Jt 1^~-| LaJtl£. 
. (Jj_ijJI CjL^=j^ta I kj-LLaJ 4J3jjl4 - ' 

. i JijJ^i\ J jjl^La-VI (J^-lj^w 4_i^L>JI tiJjjxjjJLI «.l jVI Cjl_LL3e_La (<u-uj - ' 

• Jjl J ^ J ' j jj-^' j^'j-^ lP 3 ^ jU^- 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 




: ^u_ui o (O-u-i 



AtdLM 

. (Jj_ljJI -ij^J 'A5^ ^ Lj ^> J (_)^L>iJI (JIM I nt I 

. (Jj_ijJI i_l!j_3txi-i 4jjJl>- *_La j Jjj-LaJI <l3j_*_a i LLI, L^a a 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 




Classification of Diesel Engines JjjjJI uLSjjw ^m 

: Operating Cycle ^j^Jtl Sjj^ ^ v ,,„^. - ^ 
.( crda^ ji ) Tow-stroke cycle 4_uLS sjjj (I 
. ( Jaiy«Vl ^Lj ji ) Four-stroke cycle LuiL>j s^ (<_j 

( \ ) j^-i.t. : Piston Action „,^,\.\ J*ia - * 
.Single Acting Engine (sj^Ij t^ ^ ,U;.MI) j*aji jj^ia 0-^=^ I i ^J>^ (I 
. Double Acting Engine (crc^ <> .U;.MI) J^l ^jj> oii a^ li dij^* (<_j 
Opposed-Piston Engine (l^m 03^^ <Uitr,\\) J^aji AJbUia - ; i ^ a li udj_^a (^ 

( ) )J^=ui : Piston Connection „j^-,U Jx^jj -V 
. Trunk-Piston Engine ^J^ j.i.a^ I j udj-^a (I 
. Cross Head Type Engine ^L= o-Ijj Ji^h q^=^ li ^J>^ (^ 

(Y)j^-,,t, :Number and Arrangement of Cylinder oU1jUm.V| <_uj>3 -* 
. Cylinder-In-line Engine oUljU,,.Vl ^m.a udj_^a (I 
. V Engine (V) Juj^ J^-. A ^ ^UljU,,,! udj.^ (<_j 
. Flat Engine oUljU,,.Vl .U,,..^ udj.^ (^ 
. Radial Engine oUijWm.Vi ^j-Lai udj-^a ( j 

(t)J^-i A : Valve Arrangement oLalo.r-.tl ( < _, ti ^- v 3) <_ujjj -° 

. I-Head Engine ( I ) d&j*. j^-.,i, ^ ^GLaLa^ udj^ (I 
. L-Head Engine( L ) Juj^ J^-.*. ^ <GLaLa-<^ udj_^a (c_s 
. F-Head Engine ( F ) lJsj^ J^-. ,:,, J^. <GLaLa-^ Ldj_^a (^ 
. T-Head Engine ( T ) d*j*. J^-i*. ^ <aLaLa-^ udj_^a ( j 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 




(v)J^-. a : Method of Fuel Injection ^ji\ ^ (pUai) i2jji= -1 
. Air Injection Engine *lj^. <>a*o udj_^a (I 
. Mechanical Injection ^^ : m^ : * t >^ udj_^a (<_j 

:Method of Engine Cooling cdj^JU ju^p (pU^i) iSj^L -V 
. Air-Cooled Engine *l^L> ^ cdj.^ (I 
. Water-Cooled Engine *UL> ^» udj_^a (<_j 

: Engine Speed <4>^ai i£.>^ - A 
. Low-Speed Engine a^jJI 4_ Lin ♦ ♦ ♦ Sc;r iaj udj_^a (1 
Medium-Speed Engine i^jJl 4. ui Yo ♦ • - \ ♦ ♦ ♦ a^-JI i^jia udj-^a (<_j 
. High-Speed Engine s_l£jJI 4. ;lh 1 ♦ • • ^^ Ldj_^a (^ 

•.Application ^Ijiid^VI v ,,rw -^ 



. Automobile Engine ^=j sjL^ udj_^a (f 

. Tractor Engine j^>Jl oIjLl^j oLi^Lii! oJj-^a d_ 

. Marine Engine ^,,,11 udj_^a (_a 






>an« 



t J^Ji ) J>3>)l ftUaJ 








; 



((_;,£. JL>- (J "J^-* . (J-*-^' -ij"^ (J "J^"""* " ' J <-£j >*J0 




((_y. ui .L gi jjjjIj-i (J i ^i" a) (Jjt-oJI /TJ-ij-^ (j "J^""" 1 a ' J tiJj^e-a 



(* — © — 1- 



V— J ^ 



/ \\ 

■+ © *j 



(JaAJI aJLL^Ls ^j.,1 .^-. ^ | j i_l!j^ta 



(DJ^i 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) Jj2>JI fUaJ 






a 



-AWA* 



a 








(Y) J^i 



. <~il*iljU , ,.VI ^rj U 3 tiJjjxja 

, QUI ala i u VI i La ■ •■ ■ * a dJ^t^a 

. ajjjJI /yJLJJ udj^ta 



-Y 

_o 
.1 



. 4>*l! J^-IJJ ^IJb-VI uLiUfi — JjJJLfl uLSjJW laumJ ( JjJi ) J>3>)l ftUaJ 






I J^~* '"' cjLoLi^o 



l_ J^~* '"' ClLoLj-^O 



£ 



i J^~* '"' CjLaLjj-is 



I J^~* '"' diLoLj-i^s 



(V)J^=u 



. 4>*l! J^-IJJ ^IJb-VI uLiUfi — JjJJLfl uLSjJW laumJ ( JjJi ) J>3>)l ftUaJ 



jaiaADI 






:j22Jf -^ 

.. Cj zLsJkl ^"i i"i ) AJ-S3 /Jill gj-2 i uJI ^_ ^-"'j (JL^-4-l 

: f Lu)ljulfL£jVI - r 

. CjIjLL>JI Luajl j s-LLJI CiLaj I" i na (J-2JJ aj 2j (_jJ-!I aj l-l^sJI ClLta.1 .'')i11j=3 



* l^-J I Ja-g l^jjis _J 4_p>-j)^_i I Cj I j LiLaJ I £— J^is (J Lx_a_i a Jlst" i nlj 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 




; JjJJtll uLS>*rf ^O-i** 

l^y^Jlie * JJ i_l!j_X-aJLJ 4-)jlj^>JI 2«.Lfl^=JI jl J^J J|j_ljJI CjL^=j^ta ^_ da I * .>■< VI 4 i i u < SjujJ 4^e_uJ - ' 
jjj^p^-^l ^J-^- PTjL>- *W-JL> Jj^jJI i-LaJLk aJu«J JljjjJI -}jJ9j -aljiielu-uL) (_gj^>- jJalita CjjJu*. 4JJ9 - ' 



. S*iljU,..VI jUjI s-iLjj (jlj i^JjJ U-a *I_^JI s- 3 ^) (J- ^ ^^ <-r<-<-"J (^ 
(jjjJI 4 LlSj '*" -y 1 """ (J I <<" i "I ijjjj-iis J] i^^l-l L<J-4 4J| aia ■ u »> (_p>-1-} ■ ua£2M lLsJi iJaJI 4.a.i3 pLdJjl (<_) 
slaJI J J[j-JjJI -ij^J LTV daJL>JI 4-J aX »-l A^— ^^» A-^ JJ (_£jjj : (jJLxU <L>-LlI,l 4_tlajJI a^ILill j L<aJ3 (-». 
LlUjj Jjl^ILswVI i_3j_i] ajLdJLX d)l -y 1 usH <_1UJl^=J *'_£lJ' 2 jLjj 4 i i u < J^sLlI <U-!l_C 4 i i n< aJlJt" i ii"< LiU jjj 

. (Jj_ljJI Lilj^ta j t i ii ^_ a -SLjj i. i 1 1 ii \ La I JlA j 
. 4-itcaJtl JL*3.^I Ju£. (jU»jJI J^gia " ' 

. jji>JI 4 a j U i a 4jLlU3 4J3J - ' 






>an« 



t J^Ji ) J>3>)l ftUaJ 



jaiaADI 




jjjjJuJI dJjj»-a j (JjjjJI lLIjj*jj £r*-J ^jj^ AJjlJLa 



JjjJ ciJjj** 


jjjjJjciJjJtA 


iJjLLM 4j»-j 


,0^1 


xv- 


zw 


. -ij^JI lll^Lglml 


- ^ 


f rA*- ro< 


*._> oo<- £o> 


. ^1 JJI JLtL 1 ;,^! ij\j^ ^jJ 


- Y 


JU-AMJ JjIS 


(Jl t" i"i^LI AjLiLa 


. Ji^JSjJI '**" ilLalLa 


- Y 


f 00 (>cr^t 


f o Yo - 


^j >, , « j 1 1 iUJi 


- £ 


YY:^- l:U 


1:U- hi 


i ul « .>. i VI 2 i , „ i 


- 


4_*_0Jj_a 


a , V- ,-!-»■ * A 


2jjlj -^tl 2 ^ ,Sh 


- 1 


^..- v*< 


^jV- £<* 


. -Ul » ,^*»\l t A_uL^lJ| 2j|j^>J| <L>-j.i 


- V 


jl^V- 10 


j^v- r- 


.Pmax^jp^vi.Ui.M^.^Vi j^ji 


- A 


f Yo«-- Y-- 


f .jYo-<- Y-- 


. 3!>^M-I ^j i^iiitl sjIj^kJI <L>-J-} 


- <\ 


- -\ 0" 


^.j ^ v<< 


. J-al^ll J-<^>JI Ju£. aJiUJI CjIjLc. SjIjjs- ia-j-i 


- )- 


c?b* 


/^a^^e_u3 


. <Luaii&lX 1 JLa^^M Jtlc (jljjjJI j»j-C 


- n 



, U>-s.\l » L^jJL^a ^j_a :*■"'" i nt,l a}-*JI ^-^-^P" (j-^ chi>-'- L ^' L ^J^ sja J cJj- 1 ^' <-iJj-3t<a (lA-i <UjL£-<i-I aLlSJI Jtlc 
1 - - S~ ' "' 2jJl-2JI ^j^a J^— > ] (jj}-'- 1 «-iJ >*j0 (_p-d-i J^>-lj (Jj-'-i l -^> J>,l i *' ■" ' oLjlsejLa Tciisjj ( £) J^— > ■"■ 

AJ^tll jj_a J ^— 1 (j^-^^J— >*ll (J-U-i-Ll *l.5zl TC—tijJ (0) J^-i U) dt_lL!i (J— 4-»- J^-tC >j-^»JI J <Ulj <-uJI J>j_J9jJI 

: 4 iil"-ttja (JLa^-l Jtlc ^j^— tj 4-g.j i uJI a JijJSjJI 1 ' t^l j" 1 ul a 



> . 



. 4>*l! J^-IJJ ^IJb-VI uLiUfi — JjJJLfl uLSjJW laumJ ( JjJi ) J>3>)l ftUaJ 







OjLj J^s* JlLc <ji)-^ _>*"!$ (Jj^ ^J^ 1 ^ *I^VI cliL ujte -I a 

g/kW h Nm kw 



o 

i 

c 






5,220 

■a 



400 



300 



J 300^ §200 



ET- 

o 



# 



















M^ 






















P 








h^ 









80 ^ 



60 | 

a. 



i 

A 



40 3 
20 



1000 mini 

■sljit fej* Engine Speed 

Jj-Jj> liJj^Ki *|jVl (jr^tla 



g/k\Vh 



'a 

E 
| 

I 340 






300- 



I 
? 260 



Nm 



160 



£120 

o 



1 



80 



40 







M 


A 


















?/ 


^B 








h 






^ 









kw 

80 
60 
40 
20 



4> 

o 

a. 



1 



2000 4000 mini 

il^i u^ Engine Speed 

(jJJ-JJ (-*Jj^>J, el-Szl (^yi j e-La 

( £ ) J^~i 



> \ 






>an« 



t J^Ji ) J>3>)l ftUaJ 







4 lill-^a (JL$j»-T JllC ^>JJ_Li jjs-Tj (Jj-l-i l -^>^>»i e-1-i^l CjLiiseJLa 

g/kWh Nm 



C 

^— > 

g 

c 

o 

13 400 



I 



300 



^ 200 



400 



*>200 

p 

O 







■* 



















^^^ 






" ^^^^ 




M 






— 
















— 
















^ 


I 






b 



















100 




J 


80 


2? 


1 


70 


> 


j 


55 




.1 


55 


T3 

p 


1 




O 


i 


70 




-^ 

> 




p 




80 


U 


i 


100 







1000 mini 

Djft l&f* Engine Speed 



g/kWh 

■ft 



o 

9* 



o 



Z 700 - "" 



3 

fT 

^500 



Nm 



M 120 



& 



1 



I 



2 300 

3 



80 
40 





hf— 


^ . 


^ 


N 








^ 
























A - 






J 









2000 4000 

J>t Sp^ Engine Speed 

a Al",-»^ (JL*^-! Jtl£. ^jjjjj ui!j_>Jk s-lj^l ^-Ire-La 



% 

100.1 

+- f 

50S 
■ 

25 I 
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. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 




: jj^a i_JLi]| A- ,jj^~ ■"" 4_uLuiJ^= C)l '^-*j a (jj-^J 

( ' i ^— >j -i 1 1 /—i I j LI I J*^-* iuJl I j.^** lJl3jIu a A l"-»/i i.uiiit (J_jjj^=JIj (j-L^-jjJtjuJI jLsol 

( C2 Ho ^Lpj^-aJI oj-aj ) o^yl 13 q u '^ (jAfc'J-^JJ^^' '.'^— ij-ll <>a s^gj^JLs 

( (J"L>-JjJl-IjJI (j-* 3 •— ''ji Cim x_« (j_ajj^aJI £ya (j-Ujj jLsol (j^a (jj^-i'ij 

(C3 H8 ^Loj^-jJI 0J-dj)(jLlJ JjJI (j| jjrp" 4- 

. (j-L^jjJtjt-JI jj^a Ciljj 4_uLaj *_a sJirelLa (j^ajj^aJI ^j-* 3 ^'ji Cj^LJ (JLc. 4jjJj>- ^jTi^vj 

. C-c£>-^3 / ^ - £*-*...£— \ '/. ^ - c>L^JJ jLufc / SS ~ (j^ij^=> /AV 

(j^a Jjj-i L<j-a sJ>jLlII Sjlj^l (J^li>- tiLu£jj^=J I (_pa^aL>. (jj'-— "' <_l!j^>Jkl (_ylc SjLiis jLil ^j-a OJj l^=lU Ltj 

. ^j^— » i ' La (JJ9I ' " <jj i ^— > ] I 4 1 1 n ) jij^-*" (jl t-OJ I jJ C-llJI aia ■ u »> (J^=G 

: iIaa->La 
. C14 H30 sjLstlU C_sLjV_aJI 4- M^Us itjji J^= CsLL-alj^a uu^ CllJ^aJll ojufc ' ailjo 



2— a Jiir" i n ) (_£ jJI JijJSjJI Ojj Liul /j <i i ill (_jJ-tl (Jj_pjJI (»L>- '**" Sj ujj6 Jl>- I ^j^a J|j_ijJI -S_oJ9j j J*- J 

. JjLUI JibjT^liuall 
4_ 4JLa I JljJj tGLaljLJeTLi-ul JJmlt IjiaJ }I_2j jii^a^l aUjU-U C_sLi£=jJ,I (j-a LWj (j^f -^J^>" <^j J 

. (_^aa.j| ->_o-9j aI Jiir" 1 11I j"'^~~ ' ' aJLlSjJI J|j_ijJI -Sj^J (Jl t i"il I j *^— > 1 1 (_jJ-tl Sj 1 ■ ^— » 1 1 J|j_ijJI CjL^=j^ta 

4 La 1 u| aj 2jLc (_^a-il ■^■-•-tl t>JJb ^jj/Lajj (Jj_ijJI Litj^ta «.! j| 4_ AJaj^tLa <L>-jJlJ Jij^jJI ^-.M .^.-^ ^3|3 J 

jLpa.1 (j£. ( _ r !Li3^? ujjLjejJI tfjuii (j| VI (jr L«-aJI (J-aJttl CjVL>- 4_ J>jJ9jJI «.l j| (jLu L^J Juua2j <LJU.t.a ujjLso 

: ^yJlltL^a (_yA tltj^J.1 *bf 4_ jjp (^oJI j JjjjJI J_alj JLCliSiV SJlC.L^J.1 4-oLjJI (j^jl ua^Jlj 



^r 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 




: JLtli^l p^j - ' 

Ljjli J^^JI JjSftJI J.tTn."uJ ll^lTK tl!j^>J,l S'iIjU,..! Ji»|j (^1 JJI JUTuTu^U JjSaJI 4-JLLJ9 l£ Jlo J-^J 

jjjJLJ 4iij_*j d-^i ^ = J^ >1 ^' *^ L -> *^J ' " * L ^Lh >1 -^' *'-^i j) i n-r"j^ 1 j 1 1 n < 4 i ia a se * I , I 2jlj^>JI CjL>-jJ Jtl£. 
CjL£=a^>Jkl lLUj .j^^VI 19 J|j_ijJI CjX^=3jjxjh -ij^Sj jj^* " '^^ (<ui>l ^j^a 4_LcaL>JI 0JuJ>j_lL*jj (jL>-jJLI «L>-LiiJj 

) ojj-lJI iiJj-jta jjiij JLjll&I gjj 4_u^>u. jjLiJ j-g-ti^U £r£±=Vl ^j JjUj jjkj (Cetane Number) 

Sjlj^>JI A^-jJlJ J|j_ljJI ijjj^ta -SjJSjJ 4 [ I ilitLl jjj/LSjJ jL><-l (_j!J (Jj^Cjil (JjI I ntl S\ JjU I III (_£JuO J-4>J 

I -i 1^— » IjjLLaj j"'^~~ »l -Sj^jJI jj^-— J <_lU Jljj J>jJ9jJI I juj (j-u*-* 5 j I jJLa (j^a X °\ * j ; La 2j LkJtlc <u± ijP^^ 

{_yz \j )l LaJ j »^-»l *j '♦ i-^-tl J|j_ijJI CjL£=j^ta -SjJ9j >jj^~~ ' ' O' *— t>1 di *Jl>^^' (j- 9 "^"J^' ' J ^ Lji> '"' t^aAaol 

.(jL>-jJI j j glaa AjLtll 2jIjj>- 4_»-j.i ^ja-aie "j J>jj9jJI I *t^ j" i "I (J-S-lI »j . .^-. tl CjL£=a^>Jkl -ij^J 

: (-flJielU (j^aJj^aJI - ' 
Jl*j *l_a*JI (_y£- (Jj-*- 4r-J (J-L*- a * I Ar AjA 9 ^ O -9 **-*J JLj9 < 4H 3 ^ = LA^ 6 ' "" ^ L *-> "* alseHXI 2 jLtl jl jJLa J-&J 

Jij^jJI £_ ii-LdjJI dll J^~-J II 4 j i gj iajjLA *ljj>.^(l I jub L-aj^" 1 njj Sj-jl LalXI J>jJ9jJI *lj->-l )>-La--^ J^ejJ aLjj 

(—dlielLtl (j_jjj^=JI 4_u^5L>. (JjJ I Jl$->j j^b_uj (j| jj^a VJlj 4 a -*■ alLa cl)l l ^~~'j a ijjj^~* -" I J I Ji-slLuj I j '^— > » la 

(j_aJj-^=J I 4_uj^= J-»Cl<jj 4_lL>- I jJ I tiJj^sJkl *lj->-l (JLc- ^rH^J-^ 3 '-. ' ' "^JJ i)13^~^~'^ -^J^J^' ^r!-^ 1 ^ jl J^La (jyic 

A 1 1 11*1 jj ^J^J aI Jtitlij/I ^j^— > -i_;' a «Qilj_ij/j tiJj^sJkl («-==->■ (jr^ 1 b 'J^ - * '-Sl- 9 ^-' Ji^J-JI 4r W^ ?"J) " ' "^ ' ^lielXI 

(j^aJj^aJLI (JSl 4 1 i uj jj Jj^J 4 ua^Je-UI CjLlj i ntl CjI j ^j 1 ■ ^— > ! I CjL^sj^sJkl ^_ 1 alielXI Qaj ij ^— > U j ;^~-l 

. 4_JL»JI CjLij 1 ntl oli aj^Ju^aJI DJ^a j jJll IL. 1 alielll 



H 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 




L^4j*3 j^— » i 'j (jL^ i nit ^CLajLla jl jJLa a| La (JjLuj ^_ (_L>-I jJI i <tl^-."-s.VI j| jJLa (j£. j-<Jt3 (_ 3 -^>J 

: _i La (JjLuj <L»-j)jJ 
tjL^ i nt ij^LII (JajJI Jl -ijlj-Jl (j-a 4-Li.t.a 4_ui^= (juj-cuJ aJ^LII (j-ajJI (j-u 4 1 1 olll ) jJbvjl CjL>-jJtj ~ I 

(i>.jjJLII (Jj/LlSJ ^LtVI jJLvj! jL^>- (JLsjlL-uLi <_dJj>j (jr^-LlI *LU (j-a ^ ajjLuj^j 4_l«^= 

jL^>- aI Jiir" i nUj.Lt.Lg> j '-"■<* (_£J ' •"" (J^L>- JijljJI (j>s 4-ijjua 4_L<3^= jl£> ) nt <Laj}Ltl j^IjIlII JJuu - <_) 
(jLjj-LoJ Lsj^UI ^yjljlll JiJl£. Jl 1 ol^-> -SjlaJI i>-J>J <_P" ) (_j^~ 'J>^^l ^^L"-" j^6> J^ i^j-^L>l^l -iJJ-ij 

.( jjSjJI 

J>jJ9jJI (jJi*. *La aJaJLa <_L>-I.} (jLj-Lolt «GjJLiL2 JJljso LgJ2 4J1 at"n u| (_LJ9 (JjjjJI -ijlj <L>-j)jJ (jj/Lijj 

(jJL>JI 4 A»- i>, a ^_ ^j^'s-tl Cjl Jl>-J Ct-Ljjll aJlJt" ) n) J|j_)jJI -Sjlj (jV (j"Lta Jl>- (jC (_Loj V (jl (_OiJ <»1-L>. 

jtlc jjljJI 4jjJ3 J^— > ui ^_j-t±^= J^— » ■"■' j "J" (Jj-ijJI -sjlj 4^-jjJ (jl 1 -i^~* cjLiLijJI «.ljj>.|j 4 j i inljJI 

3-il CjIjJj iiejJI (J j La ! j 1 aJ3 1 4,11 i n a ,_ La »j <L»-j)jJ Jl^fl -ijljJLs (jjl^H 3 -^' *1>^ (J*>l^ (jiLfujJI (j>s 4^-jjj>- 

4J9|^Il>.I /<u (j-«J *l_o«Ju «LLs^LL>-I (_Lj 1 "' L^a J>jJ9_aJI '"'J LLaJLl /<L3tj»JI ^_ 



' y.^-.".tl ^.m jL>o *_a jijljJI ' . ^^-—j" <4- A^J^ '"'.1? .'^"""^ 3 !>**■' (j-* 1 ^L»«jLlJI cjIjLLII Jltcjj 

<Uljjl^taj ijjj^>iil «.ljj>.| (j^» ' (_)^=G (.in n"< ajLis (_p3L4J-l tiUJD jj^~~ '"'"' a JjljJI ^L?-^-' a ^^ aX (jC «31_Lll 
•- La 1 u ajljj>- 4^»-jJ (j>s (_)12j La^a (^jj^. (_LiJ*- Coo Li!j^>Jkl (_Lj-*J lA*- 2j_<kLLaJI <>JlA jljJ3j ajLlII j-i j<- ■ 

. dU.1 jL>0 (_>iaAJ Ojtl£. I ^".^— jj (^jJI JlJ»JI (J! a'«ljU...VI 

: ^LajJI jljtLa -" 

<- 1 I I n"< (Jill (J-aj-I' <— 'Ij^J 4-UjmJU jljil (_>^JtJ ^— ) JljljJLl 4 U I" V t I 4 il ,^.tl ^lji,l jljtAA (j£. J.JJLJ J^k J 

jjJL) I Jl>- (Jjlxi jl jJLa (jc J13JII oJi^k (jjj 4 ' ' " » ^J>J « I (<u^eJJ I JtjJ i^Jj^>iil «.ljj>-l (j^« ' 4r '-*d> JdU ^-^ = '-' 
(Jl 4 ( i n <j (^I^L>.^(I (j>3 ' alseHXI jLajJI jl Jt^^a (jjj (<U Ji^aljJI (j>3 4-Lulx 4_l«^= ^J^* 1 - 1 »JU1 (JjjLSjj j'^~* " 

\j it>7T\ ^j*j 1 1 j da-SUl jLajJI jl jLLa (_LJ-5j ^j^— ^ >a JjljJI ^j oi LI (_ y L-i5 VI (jj_aJ' 



^» 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 




I »^=3 jijJSjJI Jjl^L>.l s-S_j>»- £_ (JjJ-53 <_lUj (j£. tj^-Ljj jjJSjJLj S uh^.1 \ (_>j|j (lit! ji «.l_ll jl jJLa jjb 
Jt'iM.j <«t-po JjLh^^-J <LLLJ9 Ll»^j j j i&jl!) '£- -ijJsjJI LkjLi£. Ijljj (J pJI Sjlj^>JI <L>.j.s LgJLi <-3j J "j 

i—i-LscTlI «L) <U^sL>. i _^ia T usj tjJaJij J>jj9j J^— d JJljsoj . «LLa ajlj_»JJ j J La ^ <_)l^l2l Jtl£. ^Ja-Laa oj^us (_ylc Lul j 

jl ^JLoj Jtlc I j '-"■■•- j '^— >| ,jj^~~ » ' ' Jl>- 4 LJaAadX I (^Ja-LaaJi 4_»-j.} jj JijJSjJLs (jjj_iej]l jl (_j-S_Ll l Jtlc Jjjlj^>JI 

jjl^Ls-^l J-»vLtj <«t-L>- tiJj^sJkl (Ji»-I-} -SjJSjJI ^L?-^*-' ^d>^ (jr^ 1 Q^-"J^ 4-La^J a I 4j>-jj Jjj ^?j . 4_bj->J 

■- I LaJ 2 ( I Jl>- 4 iJaAse La (_^Ja-La9 4Ja.£j jj J-^J ) Od>-'- L ^' -L9^i O' ''-^^N * a (Jl «" ui2M f-j-i 4_u-aL>- (JLc 

: (3^JiiII (dUa^J) 4jvjj -" 

JLa-CLi-u^U 41a*}La JLc JjJ I -i^— > lL*L*1!I jf JlajsIII IL. JftSaJI LkJiJ£. IjiJj ^^Jl SjIj^kJI <L»-J.i ^^jfc 

'2- JLq-CLi-u^U SjiLc gcJLaJ^ LJLJI Jj^jlII SJa2J jj JjJSftJLs I Jl>. a JijLl *!_£>■! ^- J-a-<3 ^l!l CjU=j^>J,I IL. 
4jj jj ■ La «_) V 4JI I -i^-— -SjJSjJI (j-a*- ^-J-a-^-a 4- Q^j) i nil (J^j-u (j-ajJ 4_!L>JI olut, '£— 4J2 *lj^>- ^1 olXJt 

(J Juj (jS-l!I *U,I jj^a 4J jLcaA (j-UL>3 («-^>- tjjj Lr i .i$S$Jl (j-^ O' 1 -*- C 5 -?- 5 ' UJJ 4 J ' " ' L>^ *J^ U1 J-* 

(jljjl CjI j 4^Li>.j '4^'- c - ^tJ^-J- 1 U'jj' ^j'^ ** J^** lJI p ' " Sj /jJ-I' <LaJuie 1 1 JjSjJI f'j-it (_y^- < 4}-'d>^ ** ^ LaJ 

4\>.jj i|_ jj 'j^— La^i!L>-l ' alUJo L^JI ^?l <Lu£j_LJI L^jljji 4_ Jj^jJI pl^JI <j-^*J i^jl < ""n Jt£j 4 ua^ie La 4_ui^j 

j^^^lll tjjj-I' ^ '"jJJ (Jj- 1 ^' AJ^J ^j--*" Laa. ^j^ (*AVI ^LLlloLJkJI Lvibj (Jl t"n"i^(l pjj 4_u-i5L>.j 4_»-j)jJL!l 

^_a "i< ( _j^3L>. jL^>- 4 La i ul aj Jij^jil ^^^jjJI ijjj-I' ^jj/LjS ^j^-* a 'J L^HJ LkaLujI ajlj^>JI 4Tl<i-u2 x_a JijJSjU 

AjjIj^kJI A^LLaJI 4_La^= JljJuso L^j ^j^-* a ' "-i--^ 1 *- 4^aLil «J .^.M .^.-^ ^j-a -^J^^^ ^j'j^* 1 ^' ** n - ^ J .'"' *" 
4_La sl flli i •■ a JJufu Jl 4jjIj^>JI 4^1 Utl o'jjt, Jj^>o (jyic tiJj^sJkl SjJlS 4J£jJua ^j^— ^i i I Jl^jj dJjj^jil! a LLaJtJL I 
Jl (- c i uLLu La -ij-SjJ 4jjIj^>JI ^ 1^11 (j| La-ij cJijJL^aijJI riJa-ALi CjIjLlL>-I ajuu 4jjIj^>JI 4jjj^JI ^jj/Lajj 
. AjjIj^kJI tCLa-iS (jyic (J^Jojj/^LI La -ij-SjJ (jr CjiJI ojj-^' Jl at" i ul pLi tilljj (jr CjiJI 4Jjj x_a La Jl>- 

- U - 



. 4>*l! J^-IJJ ^IJb-VI uLiUfi — JjJJLfl uLSjJW laumJ ( JjJi ) J>3>)l ftUaJ 






*jj}* .yW j^j? 



flit jl iiJjll ^j*- 







JjSjJI <L>-j)jJ jLlL>-^( dJ^J-lL-u jl^>- 




v'j^'o* 1 **! >-tV 



, lJlJSjI i^jjJ! 



J\™_dl JJ^ 



■tpjMjr- 



a 



« 



,-LiU p j-*" V^r>' 



( ASTM jijii jLi^v c^^ 1 j**W ) jjsyi^fias jLnil jU* 



^v 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ iJLSy j uLSjJm 



Cetane Number jLLuJI |*2> 




jj>-T -Sj^J 4r 'A^J"^ (j^'i i ntl 4_ui^=J AJ^iil 4 j i n ill (jyic (Jj>J LaJj La JLhP Jj^J^ (J^sUkJI (J1"m i ntl (<^JJ 
^j^a j-i-l ' ■^~~*j a 9 ( (J I * ui] 4lLa£. fl>l£ < ua3| 4_LcaL>. «d ) (jrH i ntl -SjJ9j (j^a Jajla. £y£. 2jLlC ,jj^~ » ' 

iiw. spa j^LI 4J ) Alpha-Methyl-Naphthalene ^lii: JA^ ^ j^ o^j-^j^ 1 ^L^ 1 

. JU"miVI £«j 4_u^L>- IL. Jj^l -ij^ftil £^a i-ta-tL>JI I jufc ,_£jL_ujj jJl^j i La I skJ ^..-l>- ( JU uil 
(j-dLliL) (JjILus LflJl -Sj^Sji (J 1 t" i"i VI f-jj 4_u^L>. (JILflj (_^ JJI ( * ) j a uaj| (j^a oLc (Jim ' ntl («Sj 7TjJ>J '^ LJ di 

i La *a (jL~Lu.JI JjJS^i JLtLiVI f«j IlloU- JIcj i^JJI ( \ ' ' ) iUI (J j 

ijxaU. jj -5jJ9«il <-lLtj> (jl ^LtJ I Jufe (jLa £0 jjfc La JjjJ -SjJ^jJ (^Lkil (j Limit I (<kJ3j (jL^=> lil 4JLa tiitjlj 

. {j\1\-lLi (J-u-La Lit I Z j ^jrn i n -Sj^9j Z £ ^j_a ,jj^~ » a ->_aJ9j .^ f- 6 *-&> l£j' ' ""' ) (J I «"' '"'' f"J-> 

: iLx».}La 
(JLtiful 4JLL1C S^IS (_£l J ua^l .}jJ9jlt (J I t'iMiVI pjj 4_u^L>- dJL^= I -i^^-— *-flJj_a (J1"m i ntl <£j o^ 3 LaJL4=) 

.( i)j u^a£ 

, Ul » , VmVI 4 i i ii ) j-uju (j^ 3 < ' * J^>-lj 4JI aia i u| J j i _j^aL>- uitj^ta ^_ <?jLlL>-Li La -ijJSji (jl"'J ' "" («J3j ^jj/Loj 

: (_yJll!L^a ditj /*ujj ( jJ>jL^=uj i_dj_=ta )L$-> 
. i_dj^>il '2- Al (jb-LmJI /<^j JJJ^J jlj-tl -ij^>" f^J " 
. .ij-9^JI J*" i"m (_yi>- ' lal « i^Myl 4imi /<-^>2 4IL1L1 'kz.j-ui JJl£. - ' 

. (JLtifuVI aJLLsX ajla (JjjLoj - ' 
. jj^LlAj (J-u-La LoJl Jj^j J U' 'j ' " *' Aj^J O^ -^J^J^' >^ f-^J " 

(jllj ' ntl -^J^J (j^-> JaJL>J I I. 1 1 n< J-1-Lt3 /<UJ i Ul « 1^ iVI 4 1 ( 11 \J 4.3-1 1 i ntl <LuL~JI 4^1^ ( ntl (JJlAj Ji_tC 
Jj^jit (Jit i"i^il (Jia£ 2^xoJ 4jj1 1 11 a (Jl t" i"il 4 LLag »>J-a-i (J «"' '"' } '^*^^ (jr^- J ' -^ **-"' Ly^*- dr*-tLL<L) (J-u-LaLaJlj 

(<k^J JlJJ^>0 -il>tl -ij^_ait (jL~u.mil aIj ^yA >t-ul->tl I jufc 4- qL"u-l.JI Jj^>! 5j^UI 4j^o1!| (j_^=J "" 

. 4J (jLLll-JI 



u 



. 4>*l! J^-IJJ ^IJb-VI uLiUfi — JjJJLfl uLSjJW laumJ ( JjJi ) J>3>)l ftUaJ 







ij-ij-jji jj_ 



i j 



ij 



.Y^Ll^I^j -V 

. 4jlj^ i ntlj 4-g.j "it I 4 La i ajj a CjL^=j_x-<iU £ ^£. Jjl) 2 J YY 



H 



. 4>*l! J^-IJJ ^IJb-VI uLiUfi — JjJJLfl uLSjJW laumJ ( JjJi ) J>3>)l ftUaJ 



jaiaADI 



Four-stork Diesel cycle Jj±dl\ djjtl 2btfcbp! SjjJJ! 

(jP-ll CjL^=j^>Jkl jLiuj^f 4_uiLijJI SjjjJI (_yic j^=j_Lij/ LLibj <u£.Lij 2jjj>j *4H"^ ^JJ^ 1 cJj- 1 ^' l -^J>- ;e - a J-*-*- 1 

; lLsI^uI /tJjL-l 4_i£.L)jJI sjjjJI jj J|j_ljJI (-llj^ta (J.q-t-1 
(_£jl^ta p M' aj J* : ~~ ■ '" j < J ' ' Jut-) I ^yic Jlajju A-uj^slJ Ja -^ a cl^jfc i.itih aTu : 1- tfe Mill Jaj)u.i " ' 

.(— lSC-I n ll 

<jj| ala 1 u * I (Ji>-I JlJ -i^>-ji,l *'_ftiJ' JaJLLa «LlS /<uj : 1 LaJ» tJaJl ■ U« ", - 1 

. (-j-u^ill jj^-LiiJLi i>.ijjJtl pl^a j^t ,1 '2— 1 !^0 (j-a (j-JI_y>> ti!j^>J,l .t^U.^M 4wn'< (I 

. ioui oi^=j^ai ^_ 1:18 jaU.^vi i^ (<_j 

. Ljj>53 jLi 00- V* Ml ,Ul:,^;Vl ,U:,^ ( ->. 

. LjJ>53 Aj^la <L=-J-S VO * - * ♦ *l_aJI «j|>»- ^>-jJ ( J 

. 4_LiL>. jtlc Lul J -Sj^j-ll (JU'miI (jr Lc JlcI mij I Job J^-i 

. ( i_ uw aJil ila^jfoJI ) J-4J Jjj^Io-^l ^jlof (j-a T^JLill (J*. Mill <j-a S^l rt~M 11 VI 4_j£ *jj : SjJLdll dayuu ~ ' 



Four- stroke Diesel cycle. 



dte dyt 



3 ijjiii tji 



4 ^jUJI i,i 






Jj-O udj^J, AjujVI JaljjiVl (jrljJ (V ) J^-»mi 



r. 



. 4>*l! J^-IJJ ^IJb-VI uLiUfi — JjJJLfl uLSjJW laumJ ( JjJi ) J>3>)l ftUaJ 






(A) J^i 
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BDC 



(A) Ji^i 
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2 


lilt a lI j* ^>* j 
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Pa 
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,1 












^Vn-^ 


^ Yh ^ 





u 
u 



TDC 



BDC 



n 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 




JjjJLlI £!£>*• <£jj2*1 I ^Ifl^lk^-^LuJ 

. Jj-JjJI -ij^J 3'j-^^ A^sj^UI *ljjjl 4jq^-> (j^irt^- ^^Ll 
.(_£jUel!l -ij^ol! ^ £,0: ^ LLj dl^jJL JjJ9>II i-taij. 4_L^uJ (j| Jl^o lilljJ 
J J LJoi»0 AJJL *I_^JI (j-« ^J 0^— I <JJ9l (jjj J ^ JlJ> ^ U^""" 1 °J -ij^J-JLj *lfcJI it-il->t AJjJaiJI 4 j in ill iSjJLAJJ 

. J>jJ9jJI jj^a 4-Li.t.a 4_ui^= 3 w h >1 -' '-^J-^* 1 -^' ^'''J'-" ' ul 

(j^itjt IjJoJ JjjjJI LiJjjexJ 4- ^L«L^= ^'j^j Jj^>5l 3'j" 3 "^ (jr^=^ ^ *L^' 6-" <J-«-^=JI oJJb (j| VI 

jjl^IL^VI 4_JLj^l 4_ a JlcI i nil (j^a *'_a<JI ' Juli (j- 1 -» 1 ■<^-»l ^j-« I uaji ) «-Lqj ^jJl 4_l1oJI '"'' 'J* ""*" 

: ' ~ ' ' ' j • 1 a 1 1 <>Jufc f^Jt\ (j-»J 
ilaUeais jjfc 51^-. £JJ ojui, Lfolaj JjL*-^ 1 *"^' * ^ <J^ M-sL^= Ltalk J>jJS_aJL) *I^JI ilaik ^1^— ,*:, * - 1 

(<UJ (j! 1— AJ JjLh^V ^J-^- lM*-^ JjJSjJI (j-« Sj_LaJ9 <J^= "-^p 1 - JjSjU 4 j initL) s-I^JI 4_l«-^= 
. 2 j La 2 ) I LiUj (0-tej>- 2j_a A * * LiJjJiJ I j -i •*■-*- i_Lu «. I jJ I ( j J o 4_l4^=lJ Lgiala. 

. Luj-dJ 4_uQj| jj_a *j^>- AJ-J-i '■ 1-v - J ' '-"^ O^J Ar J^^>JI /<uj (jl t_OiJ - ' 

• V JjW*^ Jj^jJI (JLh^' J^*.' ^- c - 4 3!>^^' ^J-^- 'Ar ^-dlstiJtl A^Ltll t^jljl-C. ^j^«.' A^J " 

jj^a 4_l<i^=lJ J|j_ijJI Lilj^eja J>Jj[>J (_y.t-i.Li ^LaL^= LSI^IL>.| J>jJ9jJI ^I^L^I (jLjjJaJ 4JI 3." " '- 4 - 4 T ' ■'"'"" 

ij^ajJI ^ a i nlj Ll^Sj XT * Jl / Y • ^l^ajso Jalaei! 4jjJijJI 4 j mill LajJljso (jj jJI lLUj (j£. 4J>3 *l_a«JI 
. iiJj^>J,l (Ja^- ^-J^ \-*-f> Zjlcj-tiuJ (j^Aj JijIjJLj *!fcJI ^tal>J 4_iLi^J| 4j^o1ILi lLs I £e I ! a JjJl^>JI 



rr 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 




d^til J£b JjjJLlI ^j 3 lib- 1 u!^ 

: A-lILjJI <-La_9j Mitl J-^JJ (jr^ 1 (Jj^^' LiJj^eja JjljHa-l ifl^c. <_Ji-lj Jjj-^ 5 *^ ^W^ 1 ' ^j"'.' 

. *lj*JI CjLjJJ^-J JjJSjJI Cjlj_LaJ9 (j"U 4^1 i gill <ULj i ntl pLjjjl - ' 

. £><■>,. .^-.Vl .« JjijJI Cjlj-LaJi! J^^JI ilaLk!! -* 

jj^l iiajJL>JI ajlj_»- <L»-jJtJ p ^— > •*■' I la ,j^"-" Sj\^>-I 4 La ■ ul aj tfjl iguJI 9 4£.L3JlJ|j Jij^SjJI 4jj jj ^j^a ^L^= P-^ii 
( _ T ic s-ljtJI *-<a -ij^Sjl! Jl.u>JI i La I -•- II JlcTh-i a Ltijj^u 'uLi^Joj «LJ| ala ■ u »' jL*_)1j i Lai » ua ) Jl 4 i i u < Jjj^La 
. (j " j^-* II (_yiclj Lfcjl Jl>-j QUI a-La i u »' (j-ulj (j-u JJ "•*■*■ U ^IjH^-zl j^>- J^~~' uia (j-sr <"iHj ;j ***■" Sj_^>.| 

2-ij^- lJlSjjjj j^LijJI j_t£.j (jJL>JI <i V »>»« 4 La i ul aj J[j_ijJI i_l!j_^-«-i (3jIL>. zl 4^j^. (Ji-I JlJ JijJ9jJI (j-aa- pu-> 

. ( j_i2ul_L« (j-2^- (-llj^ta LlILc. ) ^^LfujJI *— 1J-53 JJlC - ' 

: (jJL>JI 4 a j La * a *'j^>- V 4_ilaJI 4JL>J! - ' 

.( Cj LlS-lJL I - (j-LLojUll (_t-LilJt - j 1 1 ^--»"'l a -»-»>. a — ^JL>JI 4 se ' ia a — ^^LiijJI ) 

. aJlJt" i nU .i^J9jJI (wa-il '^■■•^j ^-f^-J- 1 " 

. 3!>^>-^' ^J-^- (J*"l ^ (jSiLfujJI *_iisj_s - * 

: t\$Ai\~4&j?~ UJLj 

*l_<jf 3!>^^' ^J-^- 4r *L^' ^J-^ J- 4 pd" J-* 3 ^ J-^'j^ (_c--^j ljLt>- LLaik *lj(JL> -ij^jJI , U 1 -^ t 

. Sj i '-^ a 4_*JLoj ojj£ 4r (J aL^aJI ^'j-^*-^" *L^'J Jj^jJ' Cy* ^^ jl JlC.1 L^iLa ■ ul aj /<uJ 4-LLt.a Ja_aj_<Iu 

. ( LulUI 2Jl>-jJI £f*\j ) 



rr 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 




aJ^UI Ju»JI (J J Ja_iL>JI SjIjjn. i>.jJ *-3j 2_ OJiUjIj c±!j^>JI IL. Jali .^*»VI iimi (j_a N ^— p ^— — "" 

s^^IjJuj- Lulj 

^1 M>j-?l 4-La i ul aj (—iL^La <!Lu4> (jyic L^LaJ Jj j.jI *"jj jjl^IL^VI 4^j-C. JJ LtSJtla J|j_jjJI -ij^J <_M*-^ 
,UU ,^'.\l t ij*jjj 4Jjlj^»- *-*-J-i '"' "^"j* L^^'j S*iIjU,..VI ^Ljj (_£JJI *JfcJI j^a -ij^jJI ^j'jj (JjLSjj LiJLukj 
t _yJl_jJLi I Jl-l>- *Ij-JI x_« JaJQjo /<u (j>J j_je_ujj J>jJ9^JI 3jIjj>- 4-»-j-S x_d3^j LiUjJ Luj_5j ^5J-« '^■J- i V * * J I 
Jij-SjJI 4 jJL (JL»_iiJ (jr-iLc LbjjjL-l JlC.1 i n"'^ ajlj_j>JI (j_a I Ji_jj_a >. i j i uj (_£JJI ^1 JlJI (JLtLifu^l '£— ■=> uaJtJ IJljJ 
I ' ?* J ' ' ^~ a <-^9j <4- ^JLtLiil /<ui *I^JL) I Jl-l>- 4_LaJL>-j J>jJ9jJI j-itjj /<uj jl i_cjvj <_lUj JjJS ^j^— Jj £ jjjejjjj 

. ^MjU,„Vl Ji^lj 
J>jJ9jJI jl Juol (jr Lc Jala <^*iVI *lj^> JlcLcuJ^ ^J^e-JJ l5' ^j^' <UL>JI (Jl 4Jjj>o -ij^il (JLt-iful (3 J '"J 
4_ulilll ( j-aj-Lt-Lg «.j^». IL. Oj-itjJ r*^^ Li>Ju».j i _ / ^^— " ^? L^jj ^?l UL)Lj J-^=J 1 -1^-— LiUjJ LajMJI SjIj^kJL) 
(JjI intl JiaJaaJI J-^=ejj IJ^-JJJ i-ulill (j-o i—flj^/l (j-a «-\j->-\ (Jl LJLls-Ij LulfJI dlj-^-l (j-a (J-iiaJI (Jl J-i^aJ JJ9 
U a J '.' ^~* -^^-^ (_^1 Jj-^J-ll Cij" mi" U->J <>j_je.u ^_ plj_ij/^LI 4_JL3 (<uj (j— aj (_j>-jL>JI <lseJa ■ ■■ (j_a ajLc 
(jl <— c--vj '"'jj ' Ia^JI iJjLjb (j| I -i^~~* a j l^_je-U (_p3jjLll [*~ J .'^~~* (jr^- U J l/ "' "^H*- 1 i^*- ^J '* ' '** J Ja^JI 

(_Tl>. (ji>-l intl «.lj-JI I j '* a j '-^ a (J ^— > (j_u_a}lj (_;^>- (jL^=ua^(l jJl^jj^=I A->-l i n<i ij I j uaji ' (jc I Jljaj j u "i m 

. J>j^2jU (J7 I^=JI jjjtjjjl J La »j La^a (j a « j ! I LgjiiaJtJ i^_ I ^la.| '" <»J^- (j t ''"■'' 

: J^S^JI Jbutwl- L^Li' 

(^y^jLiJI -- La 1 all (j_a ijL?-'- 3 *-^' ' LjL -iJ "-JJ^ (jr-^-J Ja-iJJ>JI ja ^— "j j| Jj^e^oj Jj_SjJI jL^>J Jt" ifuj 
4 ''J^~-"'^ CjljLiJI Jlj^jj fci* 7 p» (ji«-l mil *lj-JI (J^L>- L^cLsJlJI «.l_ul tiJJj Juu L^jlx TjSh <3 Jj^^l ajJa^J 
(Jl t" i"izl (<ui 1 La I a* 1 1 j j -»■ ■" 1 1 /<ui (j ajJI Cj|jJai>. j| (_£| L^la 4_u^5JI *lj-JI CjLjjJj>. x_a L<kj^e_u Jljlj L^-La 

. oJsjJiX\ S^jLilJ! Ja^-dJ I Jl>- 4_JLc 4^1^ i n t CjJu><j 

: (^ntS'VI JA^tffcJI- LwJU 

pLajL^I (j_C /^J-<£5 L^SjjJa i^- (^-2-JI L." T ' "^—^^ Jj^jJI dllj ilaja cJbLS I -i 1^— JijJjJ ^L?-^ 1 *-^' j 0" 1 nj 
(ji -»■ 1 ..^-»VI (j_a JiJJ-a ^JJ a j La^il JljJl>- TeJa ■ ■■ (_p3j_tTiJj A^^IL>JI CjljLiJI 1 al>< ■ Lk_jjjj/ ^_ Jij^jJI SjJa^ 
JijJljxjO SMjU. , „VI '£_ 2jj^.jJ| (j< -^- . „^— VI 2 ^-i^-— (jl j-<_C. I j 1^— » ^j LaJLJl 1 f ^ j" 1 "I (jyJ^*- I j ^— -vj (j^rLre-ia 
CjljjJa^JI Jl^>J dJJjJ A_3e_l1Jj Lglfljl ■ •■ (j_a (J-Sl 1 '^7- ■ "^-— I Lg-La sj_LaJ2 <J-^= ^? , J '~'b Ja^JI pLajJI ^-ilTu-iil 

. ti - 






>an« 



t J^Ji ) j>2>JI ftUaJ 



jaiaADI 







^_ %UJ tijs: 



JUJtfL 



JU^I^itl^ 






IJiJL- 












I 



j^ijji jij; 












tljtt tfjjJ iJlrfj, jb 



yJ^JJl JljJiV* 



* — jij^yi jJi> — * 



r 



v(Ji ijj* 



is jljaJl .asilll 



I 












' " 



I 

I 
I 
l 






(MSI 



'-* 






JjjjJI CjL^j-^a 4_ 3!>o.VI 4-iUc .UU^ ( <\ ) Jf^ 



r« 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 




»j" aJl oJufc jJlSjj (_yjl jJI (J 1 5u i"i^(l «LjJ a-£ 4_j1 J_i j ^j <L>JI «LJ -T* <L>1 J-> (j-u 4_tlajJI a^xoJI L4JL1 i_3j_*jj 
jjJa^JI (Jj-^><J dt^jJI I jLjfc (_p-*J <^.._ l > . Jj-3j_U Jj or LjIjJ (j-« <*->-j-S Y * Jl ^ * (_y° J I ^P^j * > * * ^ (jr^J^'P 
J_*-i 4_uL>- /<uj (_£ jJI jjjJ^JI Lol *'^«J' *-« «UaJL>. /<u (j-«J J^° Ji lP"*" (j-* 3 i3!>-'- > "^' ' *^>^ lP*-'-^ d ''""*•■ J-*-> 

. ( JU MtVI SJLLag ap3 A^L^J Juu) lj^ (JjlL<!u-i£ JU'miVI * JlJ 
: (JLsui^M iliac, ajltfl jj-a (Jl2j (_pJI J^oIjjlII 
. *-ajj_a (jLj_u_u pJ9j jj -ij^J Al jV" i ril . ^ 

. ijj!^^*-^ ^J-^- (J*>lj ^^p?" '^J'- i -P -ij^J-M (j-^>- .Y 

. ^jJLj^JI * J_i Jtlc ( LLaJLuaJI ) i Lai » ua ) z\ A i 1 u <j ajlj^>JI <L>-jj pLflJj! .V 

. s-jjyiaj (jyjl J (Jl *j i"il jj Pi^J aI JLstlLidul . ^ 

. s.l^JL) JjJJ^U J_o- j_iC. Jala. .T 

.( 4 uaJiie ** s-'^jJ' ^J'J^*- *^"JA9 ' * ' '" jjj^"" ' (j"^>- 4r- Jj^jJ' ^j^*- ' ' " .; ■ ^j *"- Ct-L^jj /o-ijJij .0 

: jjj^JI ^Ijb-VI 4b->* : UJLi 

Aj*_uJ ajlj^>JI <L>-jjj dai uaJI 1|_ J-jJ ilitl pLfljj^L) jLIajj (JLtjfu^fl iLLag S^lS <LL>-j_a i_ caJU <jP-!l ^"-J-^' (jr* 
jt_d> «.l_<ji ijl^L^-VI 2jlj_^. <L>-JJ jJ_2jj (JL»_ii^(l iLLag 2>*^ (J^^>- jj^~-"^ jjJ2_t)JLi *I^(JI Jajiita (JLtLiV 

. LiJj^j jLi V * ^J\ i La » i ia 1 1 j Lu^Sj ^->_^- a ^*"J-i ^ * * iL>.>JLI 

. J^jJI JLCliSiI «jIj^»- ^>-J-5 " 



rn 






>an« 



t J^Ji ) J>3>)l ftUaJ 







: *Jj_<jiJI (jjl^l*.^! SJLvjja (j^ajl i^t**. (jylfi. J^Jj (_jJ-JI (JjsIjjlJI 

. A^liaij jjVl ii^j-ll J>U ->jS$ii ( JaiiJl ) jjj joJi s jj* -V 

. Jjl^^ 5 *^-! i^j^-J' (j S y 1 1 £m ->■ . „^-,Vl 4_ui^=j JjJS^JI jl mi'mI (JjJL>s (jyic <LL>.j_U <>Jl4> J-qTiaj 

: umiJ JaJI i ia J I Cjjjjj 4_L>-^_U <?Ju& JLJ-4-1 

. 1 La » 1 ia 1 1 daj i"i ; I j" ) jf ilaj tiaJl (jlal aj<j| " ' 

A^Ltll Jaj^fu «.Lul 4J9J^IL>.I JjJSjJI J 1 ^— > j£ JJujlJI liao-ifu «.Lul Jij^jJJ (J^aL^a JjL?-^ 1 *-' 
: Jj^jJI ol^Dj^a If. Jj!>L*VI 4JLm J^lj-a (jru.3 ( n ) j • ) 4-JUI Jl^auSiVlj 

bar 




<■ ITT I ntl aUxo 7cl3 A-lL^J 

• ) j^.t, . juavi ak^ spa C 



rv 



. 4>*l! J^-IJJ ^IJb-VI uLiUfi — JjJJLfl uLSjJW laumJ ( JjJi ) J>3>)l ftUaJ 







JaJLuaJI lLsjJu J^^>- Jjj- 5 ^J-^ JJLh 3 *^' (J^LA Lr^U^ <*-"0 




JlfaiVI ilfec JjSs i.u Oj« 



30" TDC joe 

tjijJl J>»c gijj Aijj 



(n ) j^i 



-Oil 3!>^>-^' ^"J-" 



1 

Y 

r 

£ 



YA 



. 4>*l! J^-IJj ^IJb-VI uLiUfi — JjJJLfl uLSjJw laumJ t JJJJ ) i$3>ll ftUaJ uLSy j uLSjJm 




Diesel Engine Knock J3->^l uLS^tu &>kl! 

J>jJ9jJI ^j^a »j 'j^~~* 4_ui^= j>-<iTl>.j <i-;i^- (J 1 * i"i21 < Hag «^3 (Jj-k^ "^rP- 1 (Jj -1 ^' ^ J l-^ = J- :!e - a 4r liO*^' l — i '^ >L i 
LjljjJ 4j-<_al!Ll ilai uaJI <JjJt-« fLflJjl »-iLjj) *LJ 4-»-lS ^ i^aJSl Jl IjLVj-u^aS <j-aj iL. .Ui.^tl Jjm_« *-3j Jl 

. » ajj 1 1 3j "J'j (3^ ' cjh>^' '^ u r"'_iP^ t — j 3 j * i5 j 3l>-^-' i> ' O.I »^sti jjj> t-.ti cjjljsj^ ( jjjsjJU ^i<* 

. ( SjijLi *l_o^l 4- 
. ( (_^JaAse * a (j in i ii &£j / < iJaAse-La ^^l J fj\ i i"i| 4_u^sL>- jj A^-J a I J V**i i n I " ' 
Jjiaj ^LlILij jjjjlll S-i^j- (JJ-53 *ljfll <_1f*° ic-J-"-" <^9 ) ^L>^ '^ J-«->-!MJI icj-ioiJ i_dj^>J,l o'jJ^ 

. ( JL*-ii^1 SJLLag Sp3 

. L^J (__>IiLijJI *_iisj^aj ( jjl^l».zl <13j-C. p J -1 LaJ ~ 
AjL^III - (Jjj-ajlII flji 4-al iViiiil - (Jxi-ajlII f-ljJJI iSj * i <a 1 1 ^L^iH - (juj^-iU (j-ulj 

Jl i^JJj J^ (joij^all (j-uljj ^''IjU,„VIj Jjl^ja-VI ia>c. J^-'j^ S j'j^l ^**J JL ^ d?^^' f Liij^l " ' 



r^ 






>an« 



t J^Ji ) J>3>)l ftUaJ 







. ( (Jl t i'iVI 4 Hag ojj£ *L<jI ) (j **-" «■ J^i JlIc (_>ia-a-Je-La (j-2^- (Jjula - ' 



60* 



tit.^n 



psia 







1,000 \ 






750 \ 


£iaJ f Jj 




■ 500 \ 






2SO 


j i i 




1 1 . . 



+0° 



30° 



TDC 



20" 



HO" 



ijJ^I C-SJ^ 



jM Jj-c ^tjj ij,jj 

(J^J-U Jjqf LjIjJj i-LaJL^aJI 2->Ljj (j-Li 4J9}L»U (^yJLuJI (^yirtiil 



r. 




^.5* 



jjjJ! *_£aUJtl 



.c^ irT>p II 1 1 1) n i Hi] -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 




( J^jj ) :>fl>)! ^UiJ 



J^iJl oL^=^U 3!>i^V! l^. 






■ ij^\ Lujjjjjl s jl^_jJ! i_al job! o^l ~ 
. LJiJjJI tilj^Jkl «.\jj>-\ J^£. <_kpo t^t. SjJlHI - 



n 






jitH 



t JjjJ ) ij2>JI j2* ftUaJ 







. L^j^-Ul — L^jlj_L<j-a - L^iIjjI - I j a-i * ' aj - I j ajl la a 



rr 







Combustion Chamber for Diesel Engine J^jJJt uLS>%« ^ 3!jb"VI ijjx 

ljL_iii ajj^*. (. < i n -vjj <jjLp_».^?l 4_3^C. (Ji>.ljLj JijJsjJIj *'j-(JI '^- ^ j JjiT~ C 4 -^ cJj^^' CjL^=j^ta £_ 

Ijuj*. Ij ; L<aJ3 l_ Laj i_J Lalij ^jJI 4jlj^ i uJI CjL^=j^>Jkl jj glaj jjl^H 3 -^' *^J-^ <J^ =L -^" ^JQ ftl ' - 'J j k* J^J 
*lj-JI SjLj2 4-Li.t.a ( 3l>-'- : *-' L -^J-^ **-*d^ '"tl "J ' * ^aJ I CjI ^— -j jJLI £_ a Jiir" i uJ LlUJJ jjl^^*-^' (*J (j-^J tiaiitil 
^J \1 » i j , ,^.<a ^_aj ^_ Jl_l>- Jjl^IL^.I (_yic (J J L^sell *l_o<Ju 4iaJL>.j L$jL>-jL) JijJSjJI f-JJJJ Lr^ 1 ^■'-'-u- 1 J^""* ■"■ ' 
£_ Jjl^^*-^' 4-^>£- p^-t ^aJ (j^_) Jj-^'j-J LlULafc (jj^~~ ■_' jl i—cjyj L*^= 4_lIL«JI CiLcj i ntl Jtl£. 4_uLjJI (j^a *lj-»-l 

. «LuL>- 4 a >a la * a p jj *_a La uilj^ta 

. Ji^a^aJI i ^N £' ' "' i __>AAi»-j i_l!j_>Jkl 2jJlS 2-iuj-J L5A5- 1 ^"^ 4JLuji5 JjLpj*.! cl)l aise i >a 

: JjjJJi uLS>*« 3'i^"' ^>* t^ Uj^j u^l$)l lajj^JI 

JijJsjJI jLJkj (j-a si(j;jj>. (J^= <LLaL>-l (jyic JlcLjjJ LLaJLuaJI Jaj^fu (J^L>- s-l^o^JJ 4_lILc »jIjJ CjI j jj^~~ '"' (jl " 

. 4_lIL«JI CjUI^ i ntl Jtlc I i a a i ^- -^ j "ijjjLUz 4_tlaj 2^13 ^_ ^LaL^= LJsl^L>.l Li ji'''" *'^tJ' LV 3 *— S^-*- 1 
^JIjJlj^ 2jIj^>- 4_»-jJ ^_ JlJLUI t-—<— IselL] I j C I j a /«_3EJ»J 4 i i u itu "oj-ij-uz ■ J ^-»'-^ i aJI LgHa.1 i •■ a (Jj_^=lJ (jl - ' 

. ^jj^aJI J^=lAII J-^aij LiUjJ iajJiJI 



JjjJJI uLSjjl« ^ ^Ijb-VI iijx (U»idJ jjuj ^1 <>lj^tll 

. tiJj^sJkl («-==->■ 

. jji>J I 4 a j la * a p jj - ' 

. 4-lLl)j 4j n! .^."al CjljLlcl -' 






rr 







(j| Ui= (jau-^Lllj r.iy — V| j,UjV Uj3 UJa jlSIjJI slj^JI 4_u3^= jj?^" Sj-ti.ua] I oL^j^il 4- -^ 
i_3j_c. aJljt" in" I Jl-J I Jl^»- *j ' i ■- ^ JL»jiJ ilLac Sp3 c-J ^-"" d-po <4^Lc- icj-i-u cjI J LJLc. cjL^=j^>J,I oJJt, 

'2— 4.J3 jIL>.l /<uJ (j-a_J JjJ9aJI ?—° 4 ^^ 4r '■^ in" S.I34JJ 4_^=j_». ^jjj ^— " £_ 4 <a ifeLm^l! LajJilU JjLh^^' 

4 LLae »p-^J "J 'j ^— JljIjJI *lj-«JI 4_l«^= jj ^— " 4 i a a ie * 1 , 1 CjLlj mil Cjlj »j • • ^— 1 I CjL^sj^sJkl i^- " 
4-La-i i uj Jjl^^ 3 *-' <— ^J-^ ^J^-" ' i'"< lIUJlJ J>jJ9jJLi *lj-«JI LLaJLa. 4-jJUjl! £ I ^— (j-«j_) tt a i uj La_a ^Jb^ia (JLt-ii^l 

■ l>tiVI 

SJJulLo (JL^a ■"■' Li 4 2 i •■ i a <^J-C- 4- 2jl (jj_>IL>jj J>jJ9oJI ^j^*-j i^_l>- j_il/ l_La j_l*J I gjJL^Jl - ' 



Ti 






jitH 



t JjjJ ) ij2>JI j2* ftUaJ 







; ^lib-^lkijiA J?-lJtJf!^l3jljl3ji» 



: iluljjJdSy 



1 La » 1 ia II ^Ljji a! (. cSe 1 aJI Jaj i"i uLul *'j*J' I J ' ' •■"*—• ) 

: isjL-Sj jl iajoljj 4^=jj>. - ' 

. A 2 1 1 " a 'i^^c a I Jiir" 1 iiU dJJjij (j " j^-* 1 1 3 La ■ ul aj 1 La » 1 ia 1 1 Jaj i"i cl_u! vt^Jt I J ■ ■ ■■"^— > ) 

; ( I ^ U , „j J I 2*>ljU , „VI tla_t3ta jjja *-l_j«JI 1— iLlloJI) jLcacJ - ' 
j_jj>o J^— » ■"■ im^C- ^jJs-X I 5-^j-C. J^^~~ » '"'" (Jjj-La ^^j£. CjJljso lIUJj 1 La » 1 ia 1 1 Jaj i"i iiL^J <_ )^J3 I mimj 



(^yjjjv) (^JJ-J-a iJLh^' 4_JL>- ~ (' 

. 4J9LL 4_lL>- - (r 



SjQl -V 




Jaj i"i *L«j| *I^U 4_uljjJ 2jLjJ (_yic (J j L^sell i_-lSc-i oJI ;_£jLta p J 1 L<aJ Jjj-* 3 ( ^ ■ J^""* ■"■ 



r» 







JjjJdl uiSjxX 3(jb-tf I £>£ fctjii 



? iaUuaJVl j*12uljj uli^> { Vjl 

. (MAN)^ l f Ol^j^^^ji: -* 

: ( fe^Io* ) TvWni 1 1 a &j& : LhaLp 

. <Lalj.i OJ^ 1 ** ' " ' * a *^>^ " 

. -SjlIs (j u-l^3 a CjI J 4 La ■ •■ ■ * a i_ Sj^. - ' 

. {jsr t"\\\ ^j-* 3 <Lalj.} CjI j 4 La i •■ ■ * a i_ Sj-C. " ' 



rn 







Turbulent or Swirl-chamber laULdJVI^^Ij^ul^ji: Vji 

( ^ S J^— i ui) jjl^ILs^l i^j-C. (_)^5jJL>. (<UJe-»- <j-a /^ * (J! /0 * j^V <j L-*^>" ?"jLAii liij-^ I <l ^Jl>-1 pLLaJ9 
L^lS J LaJ 4-j_aJ9 4_aljJ lLLIJ ^j-^- I '*" '" ^ (J-L*Jl_) •— 3 J-*-> J— ^-^ Jr!-*- ' '" Jaj) i"i *1_<jI *'_a<J I (J^oio >jj^~" 'JJ 

ju ^ Y * ,J I A * (j-u ?-jl^j-i 1 j 1 1 ni i _paAJe_La i U« .>.< < <Jaj jj ^^Lij-i JijJSjJI Jj^*-JJ 

. S-!_a<JI 4-^=j-»- <>L>JI (j-oAJ ^_ Jij^oJI jl jj i>L>ol jj^~~ 'JJ 
(jV J>jJ9jJI <>L^ol (j •■ *=i-x i J>j_J9jJI (jJa*- (j-« i ta I -•- II 4_lLwlJ J iJa^l *l_a.JI 4^=j^>- <>L>JI (j-o^j £_ J>jJ9_aJI <j-<i»- ) 

S-Sj^. *L>Jl_i «_jjjlllj lLs L>JI (jri^. JlcI inj L<j-a (jiLAjJI (j-c 1 J-^y .jjJaaJI J-a^-j <Jj^' <UL>JI £- *I_^JI 

. *l_a<JI k^sjj>- <>L>JI_) 1 <i a>jL>-t 

. j_JuLlU J-^-J j-JuLiil ^jJL>JI aLLsj (j-U *_aje.U *'_a«J' A^=jj>- <jL>ol (j u^slC j_»- VIj 

2jlj_>- 4_>-jJ X-3j (_yic (_>>•> I ntl A^jJlJI Jj-Lc JlCI ) njq (J-" 1 ^' ^£>rp ^J? ' " ? '-^■■- l:vj ^j-^'j^' < 3^_«J1 pi'^" 

4JLL1C a^J-3 (jl_S <U1^ iritl s-iLjj p— « (j i«tl 2jlj^>- <^»-J-S s-iU^-Jj LLaJLuaJI Jaj i"i «.l_<j| «d^L>- 4-lL i u <l Jtlc *'_a«J' 

<LusjljJI jl ajlj^fl i^j-C. (jJaJLjJ ( _paj^l (^yL La i|_ J 



rv 






jitH 



t JjjJ ) ij2>JI j2* ftUaJ 







: j Jjlijj Cu.4^ 4*3jA 



.(u) J^=ui 



. jJ>jL^=lJj Ou^aa^a fa-> (j-« JaJi uaJI ) (Jl t i"ij i_l!j^>J, SjLiJ ^J-^- T^-^J- 1 
^_ «.l_a-JI <J-«-*J i>t._L>. CjuI aia ■ -VI «.LLiC jl Jlj>-j ■ I* ' u-ll 4_3j_i]l i kua-i ^j-u j.l<.lo i _j^3ji>- -\a^>-J : , U> -s. \l jj 

. i^jJiJI j\ Jl>- JiJ^JJ »j ' "/^ l^j'j- 3 * - (Jj^*-^ 3 <_>^>>L>JI I jufc 
JjJlJU 4 jo frl (j_a (JJL2j I JljJiJ (Jl t i"i^M 4 IVif »>*^ Jjlril J I i^J^ L 4 - 4 l(jriir J <13jJ<JI Sjlj_»- 4j>-jJ «_OJ^JJ 

. <U1 j-i-oJ I j-<-i3 Jtlc (jJL>JI 4^»-jJ 



(ij.)jj) *jUJ Ujt- 




joi— - I **•?■' 



.jJjL^=ljj Cixaa^a pjj 2jul i3j^. (j-uj O £ ) J^— » ■"■ 



VA 






jitH 



t JjjJ ) ij2>JI j2* ftUaJ 







• j '^— j; *-^>>*i SjIj! £ajji (>uj ( ^ )J*^- ui 

'■ ojSI JlC 1 i n a) j.Lt_Lg> 1 <i frji^-t (j-i ■ S3 (_£J (_>iil_iij *LLa i-ulfrJ (jl>~ -vVI 4_J3>£. J I Jij_J9jJI (j-JLso - ' 
A_^=j^>- <>Lj>JI (j •■ flj £_ 4_j*-j^o j^>- VI J *lj-tJI ^-^=> ; > t ' ^ '^ a «L^>tIlt £_ 4_SjJlII (J-lC J-^* 1 - 1 ^*'J d0 ((j, ' "j\pl 
Jl-Lc <>L>ijVI I J_4> ^_ Sj u ^— 1 (ja ^-»" ^jJL>JI 4_ui^= (jlj I '-^J ■^■■^ U'JJ^' ^^ ** \jJ ' " 4r i-^L" 1 I" - 4 *'.Jjj' 

. ^jJLa^JI JaJLLa pLflJjV tjljjJ^I *J^l J^*-l JlC.1 1 oJll ' 1 Sj J I 1 j fljli ) JiJ9j *JljJI 
jj-^J ( ^ "0 J^-— ui j uu\-iX\ jjlL (jJL>JI i_3j_C.j j uiLiXI (j <L>J| <— Sj-C. l-jlj- 4 LT^ 1 f— *^J j»L-lai!l I Jlj4> - ' 

. <^IiLi!u >JI > 14-Sj ^ j ' -^ ' 




•j-^h 1 £>> 3!>^ **>*■ ( ^ °) J^=- 



r* 






jitH 



t JjjJ ) ij2>JI j2* ftUaJ 











(jljjjJI JlAJ (jJL>Jlj (jljjJ^I *J^> J^£- -ij^J-!' (j-^ 5 * 




^_pi LifujJ I < !_9^3 p_|i' ^" A-iAj^a 0"^-> V 1 » ) J*— 1 ■ 






jitH 



t JjjJ ) ij2>JI j2* ftUaJ 







4_ Jq ^Nj j ( W) J^ 1 — 1S1 '-<l''ljt-^...VI ^1"^— IL. J^— .^.tl ajjj^— iajji (j^a ,3!>^^LI J^j-* ^j-^- jj^— "'"' 

. JUlmVI SJLLag "j"'** j '^* Jl i^JjJ U-a iajJiJI 
* > v 

. JLh-^' *4>C. Jl Ji-ljiil *ljjJI icj->-u SjiLj Jl 
LoJl-Lc 2j-a (j^ '"<>' '-^J-^* 1 -^ ' U'JJ-^ ^-J— "-" ' ** '^ Lr^ -?*■ *^>*^' lP* - '^ 1 ^h'^' *'_J*J' < ^ = J- >- ic>"i /<-1-jJJ 
ajl-jj ap-2 ^ i^t Jl-Lc (j <L>JI /<u_J I -i^-— ' LjJjJJj CjLj*.jJ ^ * _) l_il*]l 4-ILlU 4_LaJiitl J-J^ (j OJ ^~- II jj^~- _' 




Jij-a. £^j 3lP^I ^J-^ ( ^ V ) J^=^ 



n 



JjjJllulSjjetjIj^'Vl^j* ( JJJJ )i$3>JI j2*j»UiJ uLS>«juLSjJw 




. AJLJ^ I iltl OJ '♦ LtaJI CjL^=J^>Jkl i_3jJl!I ^j-* 3 fj-"' '^ Lii, '-' ' " „ ~~ ^ 

X-jjjJJ 4_Uj|jjJI *ljfjl 4^=3JJ>- AJ-23 !^^>- ij\-i^U jl JL>-Ij ' l2j jj (_)IlLfuJ aJl-Jt" I n < ~ Y 

. aJJuLLa < s_o-2j jj (_>IiLifuj *\ J*3r~ i ul J-lx.) z I Jt«J 

i_3jJ«JI <jJl$j Sj j >< 1 , 1 cjL^=j^>Jkl (jLa I juj cjL>.jjJLi Ljj>-23 2iu\h (JLt^i^fl SJLL^g s^s jj^^" - Y 
I t ^~ i ^j^ A-» * ^ (jLLuj/ («^j (_£J -L^i a! Jljt" i ill /j ^-— » -i 1 1 (j-«_j j^^aJI fjjJ 4_tuLca>- o i u-d 

. (jJL>JI /<uJl2j 4_)jlj j_l*J (»JlC ^j^— 1 ' 

. Luij-LJI L^jjJlS pLflJjV 4jtJ^ mil j-><i\ CjL^=jj»ja £_ ajlj^M i-S^C. aI JiitL-ul * j ifuJ - t 

. 4_l!Li lL^i^s -aljLJr'mil {j£. sjli^M <-2>C- CjI j CiL^aj jJll iL. ^LaJI ajlii^l (jr 1 -*" ~ ° 

: ( ^LmIjJJI )3jLjy I ii>£ u$jx 

i>.jlii,l i-Sj-C. (j-C Z ^ (Jl '/■ ) " (jyJIj^so -ij^jJ-I (jr^-J-^' * J ^~" '^ j"""^ <J Jut - a ^*>j±3 tiJj^>«i1 2«.La^= JJjj - ^ 

: 4_JLl!l i_i L-m>U j-jj LJL I (j-^>JI Cjl^a j— a 4_ 
. I fl-a •»"*- jJI <13jJlJI ?e-La-i-u «L>»I i ii a 4 1 1 u < iOuj umiJ Jj^jjJLi SjIj_>JI f-Lus 2jl_lj (l 
. L$Jjljj>- ^j^a I'm i"i t^A"a i^jJiJI Jj-tC J^C- (Jy-*- 3 *"^ ' ^'J -1 JJJ - " ^ <— ' 

. a^jJlII (3Ic <3i- 1 ^ 5 '-'''"' ' la * ' -- 1 1 lLsj) i"i (J^L>- (j •■ ''—- » -i U < Jl i ii ll J* i"i 1 1 pLfljjl - Y 

ijjjjjj 4 La i ul aj ajlj^fl *JtJ Jtlc lLs! » uaJ^M 4iini »-iLjj Jl (j^ r ' "" ■<««'"' aJlJt" i h" I Jl-J ajljVI «.JlJ 4-i^a.t.LO ~ Y 



H 







( /Jj^^lib-liijA ) Per combustion chambers Mjsti I *Lui3jljVl^>£:LJlj 

(J-j^ 4_uj^>JI 4_3jJl!I ^_ .ioJsoJI jj-Sj*. (<u-JJ i oj-lx-us <_jo_2j a Jl^I jl ' i 23 <Ua ■ ul aj <LJ| aia ■ u »' p'j-ij J i ajj j 

■ a JJutlLa <_ ij-23 (_£J al Jl>-Ij ( '^" (_£ j ^IiLfuj <Ua ■ ul aj 4-LLt.a CjL>-j JtJ LJ-tJI iluJLl <tLaJi_<JI 

^J i£JjJ JLh- 3 "^' ''- L - li> (jj *^i ^ L."T l,A ^ SJ"*^ 3 ^ C_c.i_l.oJ A_uj_>JI 4_3jJJI _L L_U>3- JLh-^^' ?£±3 

(j_lj _--- Uai '^ Lj_u-a 3l>" ^Vl 4-i^ J »-=a ^ t_!j___! I jj__ 4_l_a_____l plj-3 <JJ JjLh- 3 -^' J^L^ fL-J-l 

. SjjJUl lLsj; i"i ^LJjl (j " '^~ » II 

Lj-4 4_uj^>JI 4J2jJlII (Ji-lj ' La » i a 1 1 3jA^ i-LaJLuaJ I Jaaji (J^L>- 4Jljla ■ ■■ >l '£— *l_a<JI i*ai La - ' 

. <ajJ«JI Jl *ljjJI J_ai«-Ji j-i-u-u 
LlUJI 4jjJ,I iLaJiiJI Juu L yj^=aX\ Jjj-J J^£. A^uj^il A^jJlII 'A- ^j^JI 3!>^^l £^1^ . U i , >> - > 

2' < ljU,„VI JJ 4J2jJlII (j^a ji3ljiJI oJJb £-LsJlJ| Jl i£-5Jj La-a S*iljU,..VI £_ , U;,^tl Jj^aj 
CjI j JjLh^^' ^J-^- J-a-g J (jjA)^" lSLh^^' *Aj^- J af 4-1 1 nil ■ La a. Nl j MJsl^paJ Jj^sljJ 

. (L^ijjji) sjisyi 

sjLj^M 4J2j^. ^^-— "' La-Lu 3!>^>-^' *^J-^ t ^*- 3 *- '—-^ (jr^L 4 ^ <jr4>^' lSLh^^' *^J-^ J * "'" " 

4ja-l i n a ^c h 1 <^-» (J^j 2*»ljU , ..Vlj A_uj^>JI 4J2jJlII jj^-l (J- l - i5 J-^' ((J-" 1 ^') '.'J ' ^ a *' ' " a " 

. ^'.IjU,„VI plj-aj J 1 ^" 1 1 Sjliiyi AJ2J-C. (j-Lc 
2*<ljU , „VI plj-OJ Jjl^H^*-^ ^-i^i J -1 ^~~'JlJ ^tH>^' 4J2jJl!I (Ji>-I JlJ Jjjjjil (jr4>>- cSl?-^' (&£ 

. L^La. I JlJ ajlii^fl 4\>ij JjL?-^^ (*-y La-t-Li 



if 






jitH 



t JjjJ ) ij2>JI j2* ftUaJ 







j ^j* 3lib-l <J>*J JjjiJ ^1 uLS>*i I £\p\ jaaj 

:<jl ' La > y jj jjjjJljUjj j_« pjj i_l!j^>J, j_jjj>- Jjl^jj*-! i^j-C. ( ) A) J^— » ■"■ Tciisjj 
S'iIjU. , „VI j_j^ta x_« <L>-j.i V * (Jj-<jj Lfcjj-^^J (jlj 4-JI jia 1 •■ *' i_<-iL>. (JLc. O-s-iisj A^jJlII - ' 



2'iljU ,„i 2 •j^ui£. ^jj-Lj| Jl dlLJI aia ■ ■■' 



(1)-* Lr~ 'j-^ 3l>' -> "' L - ^J - ^ <— J'- 3 Q-"^i 1 'ij-a 



_^= 



IJJfcA £-^UJ 



. (jl .^-^Q * * ^J\ I j ■^-« i sjJJS (J i<aja '"''j' taJlil a CjLl>-1 Jul! <J-2-LJl i t _ys\jJl. 1 



<W 1 



w yt~-iJt 




^^Qj 



y^lrl (i'ja-^i iJj* 



j_b jjjj Jljjj/j^o i_l!j^ta A^J-C. A) J^— » '"■ 



ii 






jitH 



t JjjJ ) ij2>JI j2* ftUaJ 







s-j-i-u UlluiJ Lujj>- ^Ista -ij^J -^J-* 3 (Jl L^^l- 1 ciJv-* 3 -^' ' ^ £ - i^v»-lL) 1 La » 1 ia 1 1 pLojjl - ' 




^lijjl 



<^>i u>j^yi y^ 



j±u£^= tiJj^ta 4J3ji: ( ^ *\) J^=u 



io 







. (JLt^i^fl -JLL-_c "j"' a j "-^"' ^11 I j" ife^a 4_i__>Li-.j 4_3j_iJI (jljj_». sjIj-»- <^>-j-s fL^jj' (l 

.ij--_aJI i_3Jl2 (jyic. J-gltJ ijj!^^*-^ jl i'~~n\ (j2 J>jJ9aJI j-t j jj 2Jijj>J 4 jo fri l1ULL_- ^ njt - Y 
i_<-Sj jj ^^jIiLij aJlJt" i ii \ I Jl-J 4__jJl!I -__bj__ J-— i ■"■ j ig «LJI aia ■ u *l ) «Uujj3j Luj_». Jj_>_<->i_, I 

. CjL^=j^>II ojufc (_ilf I 4- J-»-lj 
. jL) ) * * Jl ju "\ * (j-u fj\jla <* i^--^^ La Jaj-t-Lo * .La-" i n"< ~ T 
. »jj« '-*^ OL-=j^>J,l irL «Luj^>JI <-3j-*JI aI jLse_*L_J pi u.ij - £ 

: 4_uj^>JI Jjl^Ic>.2l i— 3^_c. -^JJC- 

: i- ijin; dlljij j-J/Lil j* — 1| DJ^a j— a IL. 4_Lc / ^ Y J I /M • (_y.l_a.so JsjJSaJI 

. rt4-2e->JI ^J\ ^eJa-mJI 4iinl f-LflJjl i_ii.nl Jj_j_uJLl ajlj^>JI xJiLci. f-LflJjl (l 

. _j .. l-=3 a-U l—Jl i nil (_)-> i"itl 2 -iLjj (*—S 
HL 3|>L>.VI jjjli_uj JjLaUl Jaj-i JM-=-- S *'ljk-"VI _i_ |ji».tLa J} !>---" ^ I JLa-<-=l (_»- 
LiLtll £i_J,l 4 La 2 * 1 I L-l-Ic (J^J-ll -ij-a-2. C-L»-J-- __ys <L>-j._ £ * ,JI olisj^Kil <_>-ia*J 

. ic.j_LxJI -iLpjl J-a i>.jjj| ojufc -Sl-Sj^a. 
. aJljLJI «.!_£>. VI irL (jljjJlII sJl ^ -JlcLlxm. JjLj/J aI jLgeTL-J ~ Y 



n 







Air cell-chamber *I^a)I a^uIJ^ja :LULj 

CjUI aia i u »' (j-utj 4r J' .J ".'^~* * O^'J 4r *isi"^ 4 -^- **-^>^ r*v -v - J> " (<M-i 

■ 3^' 

: ^jJlllL^a *'^JI *t4^ l A>^ 4r <3 !>**■* li U^-stl ^OJjla ^j^-iVl" 
. aJL>JI iSjX. JJ ^MjU,,.VI plj^ ijja JaJLiiaJI Jajji J}L>- ^IjjJI £-2JJ _ ' 

. 3iP*-^i ^j-^- (J* - ' "V As^s^' ciH^ " 



iV 






jitH 



t JjjJ ) ij2>JI j2* ftUaJ 







(_yj|j^>. *_ Lj Jjl^IL^VI 4-3j-C. (0_3ej>- ^j_a Sj 'J^""* 4-laoJ (J « 1I1JJ (Y * ) J^— » ■"■ (j u-l^3 U ' *'_^(J' 4_lL>, i^j-C. ft -t 1 aJ 

: (^yJb La (j\aJ~ _aj_^=i £s^£. <4- ' k* >■ N J^ ^V " 
. JjSaJI (j-^>- ' ajt.ua] L^L?*-!^ J^uaJ V 4J| VI *l_aJI ^^ 4_4>_o3 oLsol '£— -ijJ^oJI j* — J" ' 

«3l_aJ SjLjJ (jr^ 1 <J- <3JL f^ <uljla-<-u 2I Jl JJujjJI daj^i ^JlJ £_ *l_a«JI 4_JL>- {_ya Jj^jJI *_3Juj- > 



tl^i; iJ>- 




<_>ia-i - J>^=l A^J-C- J ^— » 1S1 (1^-JJ ( V * ) J ^-i ni 



iA 






jitH 



t JjjJ ) ij2>JI j2* ftUaJ 







: L^j 1 U. ^ \l j j jj^=| ia^c. ( Y ^ ) J^— ui 0-4J 

AjjIj^kJI ol \1 j"-».\I t L y £> jjuj\ Qjt j"^! ,1 i_Jjvj I jufcj ."il*<ljU,..VI s LLa£. IL. 4_JL>JI is^c. 

. 4_lL>JI 4-Sj.c. ijb^a <>L>JI £_ Jl>.Ij l-lSj ^ j (jiLij (Jj^I^ ^^c j>jJ9jJI ^j-2^- - ' 

J>^j9jJI J'Jj I jj '-"■<* ^jji-a^Ll <>t._L>.J Cct-LQJJ 4 ^— >j *- 1 1 s.J^-1 ^_ oJUll .noli ^J\sr 1 «~\ A t . "1 Jij^>-j - ' 




j>^=! ia>c. crhu ( Y^ ) J ^-i mi 



M 






jitH 



t JjjJ ) ij2>JI j2* ftUaJ 
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. 4jlj^ ( nil CjL^=j^>Jkl ^_ 4-ialLa^a 2j_us (j^&J 
. ( J^ ifuJI 4-lL jjjjjta ) 3^ ^H* (jr^ 1 lSLh^^' *^J-^ J^~- iSi~ ' 

<L*_uJ It'iljU ...Vlj jjj^p^^l £s^C. Jl ^-l>23 4j}Ijj_iC. SjLj^M £2j^. (j-o LuiSl *I^(JI f-^^ 1 -^ 
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Energy cell-chambers £aLL)i 12ul£ (ijx ? Lulj 

oljL cJI 4- L^jI j^L^V La^V oL^j^a ^lij (LanOVa) LfljiV 4_aLkJl iJU. 4_2ji: ^o ujj 

?lj-<JI 4_lL>. i_3j_£. (j-aljJ^j Cjlj_uii I j* -i >J LlUjj *'^(J' 4_lL>. CjI j JjL?-'- 3 *-' *— &J-*-} S-Sjj-U CjL^=j^>Jkl 4J9l_LaJI 

: (Y£) J^=uii S1LLJI 4_lL>. CjIj 3Lh^-^I t -^HH 1 '^^Njj ^j^il JjLh 3 -^' *-*j*-j 
/■ \ A (j)y/- \ * (j-« I j -i ■*■-»» ?-^i3 <^LLaJ! <LJL>. ^j-c. ^ a . nlj ^LijJI 4_^>.lj^a £_ 2j_<Jl^3 Jj^ I ~ I 
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(_LuJa i taj ♦ i a 1 , 1 *ljJI JlC.1 inj ) jj^'-U J>jJ3aJI (j-o /V ijjjijj ^alUtl LJLa. iSjX. Jl JjJSj (J^^ " 

.( ^LtaJI 4.JL>. iflj^. (Ji«-lj JJ JjS^JI J^-a- ^^lc i-tali <^*tVI Jajji 4j|_gj 
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i. . ( . n> . U^l-^tl ^j^ijLso (»JlC (_^JaJajtHj -jal^-i II (JjUsJI Jtlc X £ * Jl (J i<aJ JljIjJI **3(J' 4ihi) ~ <_) 
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. SjjjJI SjIjj>- CjL>-jJ j*-— * ' ajol - ' 
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. -SjSjJI jL-ojSI 4_uj-4>^ 
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: fj^e^uA] fjji <Lalj.i Oli ( Ajjj^a ) S U . .. ■ / « i_3^C. ~ Y 

<.<■*■ i ntl (_^jL^=ja ^ho L<aJ Jj_jj^a (j_C ( <LujIj.} k^sjj>. ) *l_a<JI *J^1 (jr^ 1 (J J ' ^» *> 1 1 («jj i_3jJ«JI oJJb £— 

. (\ \) J^-i mi IL. L^a J-* 1 O^—i (^J jJL>- J^-i mi ^^Ll 
J^— » ■"■ - (_£_aj_^= 4 i i"i J^— i ■"■ /, Lg (j " i ^— » ll jjjjIj—i i_a_j_jj>ij (J-iyt-i 4_usljjJI 4 ^— > j *- 1 1 2-iL-JJ ^j *—• i > a 

.( Y<0 J^ijl- (YA) 
i_3j_c. jjj-LlI J^u-coJI cu (jo (YA) J^ u< (j[p^>.l 4_a>c. MAN jl.l aI i^=j_ii Oj_^=jjI ^ 'Vol aLc 

»j ^— > all CUJL^=J i_3jJ«JI <>Jl-4j -Sj[>J Ir^' CjL^=j^>Jkl LgJj-^lil <jP-tl 4-uLso^fl TtjLllil Ij-LaJ |_£jj>-2| Jjl^^-^M 
'£- <Jt\ i nj L<j-a 4_us|jjJ| *lj-JI 4 ^~-J^ £— « 1 5*«lj" * ^jj ^—tl J^— i^J) Jj^lj JjjJSaJI <jJL>- oLsol jLll>-I IL. 

• ^4^ 3 !>**■' 

: JjVl ^jJtl 
. jLi WO i La * • ia ' it (<ua * , £ I a j ** <_)^= j '-" a 0^-23 (_£J (__>IiLfuj_) ^j ***■" ~ \ 
\ * * 4-g.j i uj 3!>^>-^' *^J-^ <4- JJ^ l5^' *L^W jj**"^ J>jJ3aJI Jlij (j-o /0 lLsILJo _ Y 
(. <-* i ntl i_£jL^ta J^— i ■"< ^j^a tjljjJ^I <l^=jj>-J <U1^ i ntl *l_o<JI ' < i ■■"^-< )) 4_uQj| ^_^ILa 

.jjl^jj*. zl «. JljJ /_fl^3J (j^J ( 4_u j) jJL>J I 

: i_uli!l il^-jJ.1 

(<U Oj-Je-U jj^a JlJZJ (_^_aj^=JI Jjl^jji.VI i^^C. ?e-La-m (_ylc ) u "i ' } jlj 2 >< I , I JjJ9jJI 4_uL) ~ Y 

' "*S'~ ^ M <Jj^' ^3"j-^' Cy 6 (Jjb^ ^J 3!>^^ <LulUI aJL^jJ,! ^jJlLu^ I Jl^J <tal^L>.| 

. i^jJiJI jl Jl^o (ji^'lll Jj^_aJI »J^J^ 
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. i a-LLa (J^= P'J- 1 ' J cJj- 1 ^' (j-^ 3 * '** aj-IaJLa t_ aLL^ I A^jjla - ' 

• Jjl J ^ J ' J J>^' J^'j-^ lP 3 ^ jU^- 

tSjUftllul t\Wt« 
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.4-jjHJI ^LjjjJuJI a Jl>-_oJI i_sl Juki (jL2jJ - 
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^j ^— i »J ) (j,^- *1-}2l aJLlSJ Jaj)j_iIiJ (J-q-tJ 4-LLt.o 4 -i UmV y-QrvJ Jij^SjJL) J[j_ljJI i_l!j^ta jl Jua2 
(^yJLlILi j J>jJ9jJLi JJ9I i ' t^l j" i •■! j <» Jl-l»- sjJlS (jylc. (Jj uaael! i_£-i|3 ^ f>*j Laj (JaaJI (j-a (JjjjJI tijjjxja 

: <>i.-L>. ^j^a J|j_ijJI jj-Sj*. 4 -i la ) I 4-ujIj.} /^"m i ii S Jl>-_jJI oJlA (J^L>- j 
. I j La (J^= (j-(-i AJjlJLa - L^cIjjI - LqJuulusH — I jl q<* 4_2j^Ja - I j"^o A I 
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DIESEL FUEL INJECTOR SYSTEMS 

i_mi> LdJij 4±*c *ljiV fjM-tl -ij^aJLi c±!j^>J,l -}1 Jl^Li JjjjJI OJ^a j— a IL. -Sj^jJI (ji*. 4-aJaJf a_oJJ3 

: ^jfc Jaj^ i"it I oJliJij 4lc 4_>i_il_Ltl 

. i-l!j_x-a-Lt lLs! » <^mVI 4 i i d< - ^ 

. 4_u_u_Uj_tl .j *-*-tl a'-*- ,'^a j s^ til \jSjy\A\ l_l!j^>Jkl »jji^ - Y 

:UJLj 

: *_a LlLIj (- ( 1 0LZL1J ijjj^^m 4J ^ajus La i- 1 ( n~>- Ajujla 4_l4-^slJ J_^3j (J ***- 

. tltj^sJkl A tin _ ^ 
. (_,(^ri.iitl Jajji 'A- £1>.I jj| *lfcjl 4_ui^=- Y 
. A iil"i-t-ll dJj^sJkl (J-ii m"< i_3^Is - Y 
: ji'^' IjL^kj 4jj1 i n"i a S'iIjU. , „l J^— » ] S*ijS-^.t I J>jJ9jJ| 4_uj^= UJ^~*" O' (jr^- 

• ^W obj^ olPi - i 

:UJLj 

: *_a tilt j (_ 1 1 iiLHj (j-UL>3 di-u-jglu J>jJ9jJI (j-ii>- 

. LiJliti,l JLa^^M Jlo£.J tltj^sj,! icj-i-u - Y 

: J I ^jii^tl Cj-l2jj /OJlSj l£-SJj <-^p> 
(JU'imiVI <ita£ S^Ia J^als ~ ^ 
( s-'^jJ' 2jlj^>- *^»-jJ (jlal a->«j| j—ILltLij da I « .>■< yl 4nni (jlal ^*-"' * ) 
. 4-luj\j^ aJlSj I o^-» LJSjJa LijL^ta SL^tS 4-tl t" i"il /<u (j-aj J9J93]' M*^ L^^l- 1 ' J^J 
. A-t^aL-uL^aL-tXI d)| \1 j'-s-VI pLojjIj f\jusyus ~ Y 

_ ti _ 







: <J1 6-^*^' J^P- 1 ^ l^Jdi 
j o" i nj JlSj LJaJI 4j_lU iiailll (j-a q "J^-— II (Jj)>J bJu( 7 1 ^° (Ji Ai^J-^ cSl?-'- 3 *"' J - *"'-* ~~ ^ 

. Jji^ail j!i^=l lLI^LjIlJ - Y 
• f -^ 4- CrV 3 U^*- 5 J>^ " T 

sLul i_l!j_>Jkl p j -i i ■^■"^ <lc^_u/j (. 1 1 iiLuj (j <L>JI «.Jlj Jtl£. -i^Sj (J^-a (j-^*- fO-^ l ~- , - L> ' U ^ (J^-a p J '"' 
(jJL>JI a -*■ i >> a _}ava£. CjLaL^= p j i ualb i_lUj J^**** ■ ^j^— » i >a LajLuj (_>"J-S I 1 ^~~* (Jl *" i"'2l SJLIag 2^!l3 

. j_^uLii \J1 < I a-23 pji' -**" ' a I ( i ) J*^~~ ' '"' 

a fl^Ui I ^ l j* : ~— l j >" pJ (j-a_J j^>l' d anV^'i a f.\j^-\ Ja-uia 4 la i ul aj 4JL)I . nil u^^j '"ill )>-La->. J^**** 1 ^j*—- » i >a 

. L$J ( _j^3L>JI ui!j^>Jkl *_a Jj^ljjj 

: L*«b- 

t^—L La JjJLso (jl (_yic (_>IiLijJI 4 La i ul aj <_lUjj Jjl^L^-^l i_ Sj-C. (_L>-'-S jlj S *- 1 , 1 J>jJ9jJI sojjjj 4jjj3 

. Li!j^>Jkl JaJLia (_ 1 1 «•*■ (j^-*-a (j-^>- JaJLca - l 

. ijlp^-^' **-^J-^ p J o ' <aJ i- 1 1 ii ^- JjSjJI x_jjjjj ^dj'-^ <3^l>* ~~ ^ 

: (_p-a S JlCI i n a ' " < | \\ j ^ *- ' (_yic (Jj_ijJI (j aa. 4 a a la * a (_£jIL>iJ (j| pTcJeTiJ I i^~~* 

. 4jlj^ i ntl CjL^=j_^-aJLJ (jJL>JI C^Lflaj p_iJl2j SJ-l^jso ~ ^ 

(j <L>JI 4_La ^~~* p-uajj jjj-i j*- i - Y 







JjJi^J! (J Jjua £— p ^— > -»" I ] 4 9e i ^- 1 , 1 'ji 1 * <LaLi=3 p J o i ^-" 'UuLi^=) (j^ -1 ^ ' J^~* '"' 
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CLASSIFICATION OF DIESEL INJECTION SYSTEMS 

4j A-aJiir" mil LiJj^sJkl pjj Uui> Lj-a-j-cu-dJ ^j^— » i ' i_l!j_x-«JLJ J|j_ijJI <jJi»- <LaJaJ 2 f"'j->l sJlC j^jjj 

. L#laX aJLi^Jo j| La jj-2^- A Ua-U I 4 » * i a 1, 1 4.^=3^ Mill a! 

. In-line pump system (Yj^-,,i,) 4 0i ;-i,„ a 4^l^ JjjjlII <>£*■ *UaJ - ^ 

. The distributor pump system (rj^-. r„) SjIjj, <aWi Jj^l <>**■ ^L^ - Y 

. The unit injector fuel system ( ij^-., 8 :,) <>**. s j^^j Jj^jJI <>**. <» Li*: - r 

. Common rail system (oj^r;,) oJjilx ,U\i Jj^jJI <>**■ ^U^ - £ 

.Electronic Diesel Control C\)j<=ui <>L^= c^j-^ 3 r^-": JjjjJI j$£j 6-^ fUoj - o 
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*yJt -Jjt-l^ jkLiittJ^ ^J-3^ 
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JjSjJ Jjij 



2jl_j.i (j-2^*- 4 "- ' ia i ' Jlj- 1 -^ (J^ 3- (*L*aJ Ja-m-i^a JaJaJeja (Y) J^— > ■"■ 



11 







tu 



t Jjjj ) J>3>JI j>UaJ 



iUSUijH -U,^ 



t 



JJ*J* J*ii 






V 



;jiiJ Sj&j 






4JLua.fl.La ^j aa. a Jl>-_oj cJj- 1 -^ (j-^- ,^ ' Ja-m-LX JaJaieja ( £ ) J^~* '"' 



S«Ji" £l jj 




.iUSUj! 1 *A Jl 



jSji^J ( sic>n j .kin t 












0° 




>*j J, ^ Jr 



n ^ o * 



J^'^-w 



J(/Jl«-^ 



I— D 






,^-JltJU-J 

i*^ 



->*-- 
«**■ 




jU-liOUij 



ecu. 



J>* ji*- J^*- 






- 






1 
























j-vijk-^i j*i*, ijl^i ^k, 



j**y 



/- Jj j ^— > p ^— » -»" ' Jlj-O (j-^>- fkUaJ ' La i •■ La i La La **■ a ( 1 ) J^~* ■ 



tv 






tu 



t JJJJ ) J>3>J! j>UaJ 







Comparison of Fuel Injection Systems 



i-A Un-^\I ^ 


(j fl^Jl C(-L3a3 


(j fl->Jl 4_j 0*^— > 


JaJ3flj| lLsJLlo 


f U^I 


2 iljt-> ■ "1 


^*-«^II (JdJ-^ o*- 


4-*-*^U c3i>^ a* 1 


^ e - 4 ^' c3i>^ o*- 


Air <>>U - \ 
• A *i i a~ i .... \ 1 




^*-^II (idJ-^ 6^- 


^*-^il cid^ O^- 


^ e - 4 ^' c3i>^ 6^ 


: SjljjJI 






^ e -^' i3iJ^ o*- 




: (j a> 2jl>-j - X 








^ e - 4 ^' c3i>^ 6^ 




A U. , ,.| A 1 J ^« 1 

. 4 ali a 


. J.i.Vitl 


. Jii.Vitl 


^ B - 4 ^' i3±>^ o*- 





•u 







s Fuel tanki^vi ji>- i - v 

: cQAjJij 
■ 4"t i n (. i ( n-^. iLluu '* ijOjaaLt^a a JlC j milt iiJj_»JLl «L>-LL>iJ (_£Jl!I J|j_ijJI -ij^aJ la I *"-*-» I 

. (Jj_ljJI -Sj^J '"'' '^~~'J " V* (_J£iLdJJ d 2-iLa (j^a « * i a ' (j| (I 

. (JjjjJI (J_ai»0 Ajb^a Jtlc (^yjjLj^a (jMJua (jyic 4jIjIL>.I ^j^a JlJZ ( J 
. (£aa>JI '^-« t^aJI <U-SL*I A^cj^ 4j Jl>-jJ (jl (-& 
=j-tl a I JlJt" i nl fa-J 4_uj/LLa J>jJ9jJI ^j^a CjI^jJ JJulj 4 "it i u ,jj^~~ '"' (jl (j 



M^LJIka^lujuLJi- jdd£Ul ki^JI yuJLJ'l ) Fuel lines J$2>ll Jjuap UdULJ! - Y 

: L^La-uaj 

. ajjjJI £- 4-aJloeJLl *lj^»-^l (Jl -SjJSoJI <J-u^j3 

: 1 j*il Ai^,lj * 
. CjljljJufeVI (Jjj^ellJ iJj-a ,jj^~~ '"' (jl (I 
. Jlj-ijJI '**" '^~~'J a >■" (J^-LajJ 2? ioLa (j_« ^j* '^* (*— i 
. sjjjJL) I j » i a j Uuu. 4_uj/LLa jl Ualj Jl^laj CjI j (r- 
. ( (_JL*JI JaJLJaJI i_c_ul_j 2 ) i LaJi uaJI J^jtliJ 4-LLLa 3_}La j^a Zr *', <^,* ( j 

. *L^=u»->U a Jll>. CjLjL^J CjI j (_4 



1* 






tu 



t JJJJ ) J>3>J! j>UaJ 







{Filters uLaUI- y 

: I j". A^iiAj 
J>jj9jJI I a ^k* ~ s-iLjjJ <*_jj|jj-a 4_»-j.}j_a a) a.}j_iLa Lai ( - ^~'j"j al—Jtlj A-i^j^l j i_ *jIj Mill ^j_a -ij-JSjJI 3 j>*'~ 

.JijJSjJLl 4 La I" he 1 1 iLJllj <Uj3}AJ 4 j 2 m 1 1 j^'' 1 j-^ 3 - ^-^f^ 3 0"4^ ( V ) J^— ui 

: Ljjl rt i^lj-a 
. (/<ua ♦ , ♦ ♦ ) ^J\ 4-La-LlII CjUtla j-LaJ2 J i «aj) -SjJSoJI 4-lS-uJ 4_l!Li ajJtS CjI j jj^~- "' (jl ( I 

. JijIjJI *lj*JI (J I '^■ < '" i ul Amelia /yic (_^jjj>o (j| (<_) 
. d)l aJ-LaJI (J-q-reTLi (JJula ^j_« ^_j>-jL>JI /<> i n-> II » 1 1 y ) (^ 



I 1 J i 




i/3 A.4 



/- 2 * U ^ La i ul aj s-Ltlj c-tjlj; ifuJI (J '^** jl j-^>- < 4}-^^ = LA-y ( V ) J^— » ■"■ 



. 4 j 2 *" II j L^a-Lg - Y 

.<_*-uLWI Jl Ji_a3aJ1 oLj>" ~ Y 

.*m i>_La^vj £3j_c. (Jl *LH i Laj 2 i •■ - t 

LuLiliJI j i.~.'r- i M-^. $.Lllj (_tj|j Mill (. 1 1 .1^3 - 






tu 



t JJJJ ) J>3>J! j>UaJ 







: Lj-La JljjjJI -}jJ9j (jr^-U P'_^l * JlC - ^JLLifcj 
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Hole-type nozzle <j£*Jl >^L^ Jj^-j ^Jj^-i <_>ilA> - ^ 
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: j_<fuLJLI jj£. j j-iiLxil jjiLfujJ! £_ Jfj^jJ! (jb^u SJLj^a 

. (J_^>-jJI <L3tl2j_iC j^LijJI ^J\ Ajti "jljJI <Lse-uaJL I 4 La i ul aj i La a » < ia I , I J|j_ijJI (Ji-JiJ 
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3 SEC TYPE (FOR 2L-T ENGINE] 
RATED VOLTAGE: 6 V !N 12-V SYSTEM 
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RATED VOLTAGE: G V IN 12-V SYSTEM 
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(Yi) Ji^i 

: (J-a-*Jl <L2jjJa 
4_L>-ljJI .}»J9aJI 4_uj^= (jj^aijj .ia-JSaJI (jj/LuLaj /— ail, I ) 'jj)j-a 'L-i i _j^sL>iJl ' iSlul Mfi J>jJ9aJI (Ji^JtJ 



4_ajJLa ^_ i >j_SIl1 I M-g s.l_*<Jl— i i La u *-jj J*-^* 1 - 1 J! (Jj-^ 6 - 1 ^ O^" ' ""'" ' 4 '-^ a (Jj- 3 " - f'jj-^-'J '-^l>- >, -^' r^Ji '-"*"' 
ila-i L>J| r-j_jejj 4_jaILa 4_»-jJ ^ * * * ^j_a (_ r lcl JJ 4 aJa-Ul iJjLjb ^_ SjIj^kJI J <^"j ( i^ill CjI J ^ukalJI 4<ih"i 
/a-it>l i nj La-a <jjJp_».VI i— 3j_C. JJ (_ijfcl JlJI *lj-«JI ^j-La- i n"< £_ JlC.1 i nj t_x-J (J^s ui (jyi^- <■'*») nil (_^jL»La JJ 

. Lilj^sJkl (j'jJ-S J^*-i 4jt.Ia.2j /aJ (j-«J Ai^J^ lI?- 3 '"^ 1 - 1 M'" 1 '•— ^i- 3 " >-kaJ2 2 >La-i^ >. i^UI 4 t qi"i 
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. (Jjt (""ill ?-l"nia - Y 

4 t o i*iit I (Jjt i*ii" ?-l"iiia - V 

p ^-— » *»■"' 1 1 «Jl>-j - £ 

. (j-La- 1 nil I Oj9^j 

. I J7~^ fft-Ia-La "~ 

■ 4-t.q- J JI J*C 

.(-^ill Cjlj Stuni - V 

. JoJaV iUls - A 



. i. r(jUI CjI j (2yLsr i n'ltl 4 t qmi (Jjj^sjjJ 4_Uj J^~- ?l sjjl jJI (j"*-^ (^O) J^— ji 
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{ Supply pump ( iJ>$UI ) jjuisuJI '<^w - 1 

: I j" * j. . ^^ 

j. 1 i^s * 



: Plunger pump ^L^tl cjIjjm^i aj^^ - \ 

.Gear pump ^j^Li j^ujn^v; i^^^ - r 

.Vane pump j^j oijjn^v; Jit.^ - r 

. Priming pump j^^ni JitL^a - £ 
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. ^Jji.1 t _ 3 -2ljLl - 


1. 



Sj>j_flJJ ^j"l j^— oljj-u >■->".!! 2 ^- , >, t c-lUa ^_u (Y"l) J^— . 
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: Jalj) i"ij AJ^llu 4-ScuaJL I <?Ju& (JjjJLJ 
. ( LgLfrg <L)I JlJ ^_ (j u-l^3 II ' ala. J[j ' JJI j 1 1'*~- i ) J ' La-SeHl! Jaj i*ii ~ ^ 

. Jl>-Ij (ji ^_ JaJi LaJ I a >. it i u ll Jaj i"i - Y 
. (JjLtlJl lLsj i"i - V 

: ^ 1 1^1 -rill lL>j_<Ii : Vjl 

JjjjJI LtaALa (joL^ail £-2JJ OjjJ^J l5^' (j-^JlII f-lji) 4j Ji^i'U LaL^aJI *_ilj JLc OjL^=J! jjjIj J if 

: JLjJiJjii^aLal 

(SO J^jJI >Uj--> Ji"a - \ 
(D) r-_aj^>JI AL«j-i5 Ttla - Y 

. ( 4ii>. Jj^jJI uti .1 JI (^.ijj .Ui.^t| '£_ 

- ; i Vit i<itl ^ i- r,-r i nil Jaj mi : Luu 

JLc-l 4JjeJL>. CjJltcI13 ^j-^ ll Lll LLaJLto <Jjt-fl-) JLjl i nil «Ltiisj JI (j "j^~~ > 1 ,1 -ij-*-> ** aL^=aj| j "' 1 " (Jljj Jl-Lc 

. 4_!}L>. (j-a Jj^jJI Ji- J^ O) J^i-jJI ^U-^ ^pJSi ~ ) 
A^=j^>o JjjjJI i t-i * 1 h j JjjjJI i.iti ii JLc (juj^-i t,l <J-aJU , ^-f > " • (D) r-_aj^>JI >La-ca <JiJ9 - Y 

. 4 J( 'H^J-II (Jj-ljJI 4 A»- i>.a J| 2Jl>-Ij 

- : JjUlLII dsjui : liUHs 

i La » uaJ (JjLta a) j i ^— >| (JJ-j-a jjJ I <_>_L)IJ| ^_ JaJi La JlJjj-1 J|j_ijJI ^j-a 4_u_u-Uj_JI (j-^><JI ** Je '^* >a "' ""*-—' Jtlc 
( ^j-^ )l Lll S^Ji j2>_a j_<_^=l lLsJi LaJI ) Ujl i n" a 4JLa ■ u| j (j •■ ■ ^— » 1 1 ( _ 7 -i^-l LlaJi LJaJI (J-t^vj I i J j' ■^--»"tl 4 ->• i >» ^ 
LLa-LuaJ I I ^*-j Lt^*" ? -l ^ 5 J^' '^ Lli, -J " ' "JL? ** a ^~*^' '^iic ^pp V x^jJI pljij jLl>JI X-l&J 4r ^j ".'^~ > "^ ■ '-'■^^ 

.(YV) J^-t.t, ( Jj^jJU i^^l t;LlL^I jJ£l ) 



AA 






tu 



t JJJJ ) J>3>J! j>UaJ 







(j-s *I_^JI Jl ,^ < ;-,,„l^_ i_iUjJ 4^L>JI J if LjJ-^ ^juij^jJI Air i Ml <_JI JjjjJI J I '--_'l 4-JUc udLuk (jl I <^=> 

.( t- <-* i ii lL>j i"')^ ' "j-jyil (jL)-*^' (lh° cJj -1 ^' '- '"*" ' "^ Lr^ 1 ' L^l ^ itiiij i_£jJ_l!I (j u-L^aJLl ^j^jso - ' 

. ( ilaJt-Ja Jaj i"i ) /, i "j-ij-ll ;j ***■" 4ie_iii>s (Jl J[j_ijJI *_3jJ JjLjjI ,JI (j •■j^~~* 1 ,1 JaJLLa - ' 

. (_t-UpJLl «LlL La f\~j ' uoAlJu] Aiejiii <_)^J92l s-l^tJI (J' <^~' lu\ \jucS-u±A 7tl2 -' 

■ tj'jJ^' (j^ - ^J^'il i— dJ9jj «.Ljj| 4-J. a . t JI <jj_<k /<uj (jl i— c jv j : Sk^St a 




>- lSc i ii llj Jai uaJ I Jaj i"i 

^jiLs ^jjiJI A U-<^ 



1- ITT I II 11 lL3 0_£u 



(JjLtljl daj; i"i 

(JiJLa (J^^- Jul aLj^^S 

(JiJLa r-jji^JI ALa-us 



L^ 



-l^=J 



Cj| J > t iJa^tlul 4 g&jua ^ 



1 o_t_jj 



?(YV)J^^ 



A* 







tu 



t Jjjj ) J>3>JI j>UaJ 






4jvjjjj,| (j ..I i^-i t| i-\]\ jy'^~^~.\\ 4~e-tl 



A -*. i^a 




.( (■ <-*• I ntl (J^S ) 

. ( .Ui.MI Ji^ ) 



<L>-j.}j_a ^j-1 ■ < ^-» <*il'\ j i .V-^ i 4 ie i «a 1 (■ Ua£ (j"*-J-> ( YAYj<^-. '"' 



5JL>- IL. Jj^l £ajJ«JI jj^-— " LaJtJ£. da> ujjLjIILi Jj-JjJLi 4_iiu_ujJI A ie i >■ 1 1 Jlxjj (_£| Jl»-Ij (jT IL. i-tai uaJlj 
^j^VI jj ^— J JjjjJLI tlaJLLa aJL>. IL. <JjVI jj^~" "' L«^-^- J LtaJLis aJL>. IL. ^jji-VI jj^-— "' Jj-JjJL! (. i ti n 






tu 



t JJJJ ) J>3>J! jtLtaJ 








.1 



V 



^=u 



L^i-a-g <L)I Jj A- (■ rTT ( ntl Jaj |"|J '1^-JJ^J.I ^j.,1 ,^-.1 



■^JH^^ 



OJ! 







JaJLtJaJ I j >- ise i nil lLsj i"i $.Lu( <L>.j^jJ,l ^ ,.1 i^— < II Q| J « u iajellll 



a se La ^ 



q^JJ (V*) J ^-i mi 



1> 






tu 



t JJJJ ) J>3>J! j>UaJ 







£— j ' ua^ellll '>^« JaJLca ( j J o y^=>\ i La » i ia 1 1 _}l _}^.j J|j_ijJLI 4_u_u-Uj_JI 4 •- i >■ I , I r-l_LL>-l aJlC JlIc 

. (JjU^^jJI l_tJ-)LJ| Ji>wl_L) 1 La » 1 a J I I *~-j Cr^*" '^~* * 




: (r > ) j^i.t. Gear pump <_^j>iiLi j^jm^vj iiiu^a - r 



^ cj-^ Wi 




(vv) J^m. Vane pump^jjjoljijn^v; ib^^ - x 



*r 




^.5* 



jjjJ! *_£aUJtl 



.c^ irT>p II 1 1 1) n i Hi] -c^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 




( J^jj ) J>3>)! ^UiJ 



4_u_oj_jjJ I J[^Jul (j-rfi^ diLic-iia-a 



ijJI JJJJJI j2^ uliuM t Jjji ) i>2>II f>UaJ uLSy j uLSjJw 

/Ao 4-ll.oIi Sjl JljJI oJu*> (jL2jj Jl ^_jjjlll Jj^jj ^1 :ujJkkiUb'VI^3xuh« 

.ajJUJI 4.UJJJJJI «jl>.^]| i_aljufcl jL23j ~ 



*r 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







BOSCH J 2>»AS > 2^aiUJj.jJjlj^uUfi^« 

» ', , -»" j J|j_ijJ| CjL^=j^>J, (jJL>JI d)l se Lax « j * i ^-" (JL^ta ^- 2ju! jJI A^=j_ifuJI (_>"_a-i 4^=j_ilu j_lL*j 

«.L«jI 'Liic Jj^—' ' ' " La Ijufcj 4 aJLise.il i ^j* iJaJI a aLxj^VI dlli '"" se iJaJLI p'_a-it (V* jj "^~* IJJLC (_h"_3^ ** %1 '"' 

V £i *— ' ( icjj^a) Aj^jI J (j-<i^- CjLse-jia^a j _Tji a n ^.^" , „t I ^jJL>JI <*il ^- ,'^a ; i_lUj (JLlLa 2 Jl>-jJI <>Jl-J 1 i" i "Ij-S 

I o^-» ( L^>-jL>. (j^a I j'^-'j a- J o" i uJ ^j^=Jj CjLaL^= ^j a-£ (JjJlj) "J" 1 ,y>.jL>. ^jjJlJ ^j^>- '**" s&jtlax 

p ^— » -»" ' J|j_ljJI -ij^J (j-^*- f»LIaJ 4_i_uIjJlJ a Jl>-jJI /<uIL>j J ■ d - ;^~~ t£l a VI ;j ***■" 4-aJaJ^U »j ^— ■ a ' Jj)J ' * ' " 

Sj^a. |a j 1 1 a *- l d) Lse i ^*- a a CjLfuLfu £ya J[j_ijJI ^j-2j*- ALksj *|jj>.| Q^s (_>i_aJ < ^R> J -" * * ' '"'**' ' 1 ^~~* . /, Jj j ^~~* 

*_a (_)i_aJ 4^=j_i!oJ J|j_ijJI (j-<i^- '**" i&jua^a f'j-il 7t-ti5j-i (—ILlII J^— » ijJI a Lfc^i£.j Ci-i^alJ I j ^jJL>JI A-JaJj 

. (jl LguJI ' d'lljU , „VI SjOJSj d)| se i>»t I Jaa-t.L^ 4 la a> ^ a 
. 4_u 'tyijl' 1 j"l V i>»a j > j^"-tl 4 -i la )| p'j-it (j-a j_o^=J I (j,!^. i_3j_*j]I (<u-u-u 2 jL>-_aJI 0j_4> (J^L>-j 




<u 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







In-line Injection Pumps ^n^Tiutl XuuUjJI JJJJJI j2^ uIAmm 

.ui!j^>iil '**" flxal j a *_a i. < i nl_u_i i La » i ia ) CjLiLfujJI Jjj^la (j£. (Jj_ijJL) i_l!j^>Jkl jl Juol - ' 

. ( 4-><j J^— u 4 ■»^-» a diUlLa-uJ i u Sac ) j>jJ9jJI ^ys 4-u.t.o A i"\^~ » ' iiJ^>Jll jl Juau p^~ Lsellll - ' 

. JjJ3j_tl Dj aX "'jL}-^ <<-<-<-" I-"-* 3 (j-^>- 4-11 Ju-> -ijJSjJI (j-4>- " 

ui!j_>iil CjLJI aia i ul JJulj (J|j_ijJI . u» ■>> j . ^1 'r ) ^j-S^til CjIJl>-j SJlC (_ylc 4_u_u_uj_JI (j-^><Jl ** * '^** a L$J-' L> ' J j 
. ' »^-» )| L$J i _j^3L>. (jiLifuj j-<£. L#J <U^5L>- S'iIjU. , „l J^-i ] (JjjjJI (jJr>- a Jl>-j (3^= (_^3^ t *-"rP" 

. CjLJI aia i u »' JJlCj p^ej>JI | i- : p' £y& l£]j_3c_«JL! 4 i < nLLa ,jj^~- '"' (jl " 

.4^1^ i ntlj (jJL>JI 4_ui^=J . u» .^»tl cL-t»» ^j^a Lilj^ejjJLI 4_i_i_ul_L« jij^—"' (jl ~ ' 



8 



i€=3h 




(j <L>JI p La * a 

. Juj^jJl 4 -»-,>. a 

. ^j <L>JI 4 -»■*>. a 

(j <L>JI d'-u5aj p LaJ a 

.ui!j^>Jkl 4 La i ul aj (j'jj-i 

.jjSjJI (^ylia 

^J>. \1 All .al a 1^ 
. /jIuLZu>Jl 

■(jlil t.c i)JI (j^a (_)Ja-il aJi i s_oj-ir 

4 at i 'y\ 1 1 ^j-« (_^Ja-iLaJ| < s^j_s I ■ 



_r 

_o 
.1 

_v 

.A 
-\ 

) . 
) ) 



a -y A" i ■■ a (Jj-U (j-^>- 4 ■■»-,>, t ji^^JI 2jjJ J *'j-^ « ' ~" " OV -1 (^) J^~~' ' 



*» 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







: ( 1 (j I ■•>• I Jlj CjLoL^= J4*c (j-« Lgl^ajjy J o" . uj) rii 2 -v*" ■ "M (ji^JI ^'^« : Vjl 



^J_a j j £=aJ Jj-J-i CjL 



*i? 



J^r I ( rl \ 



PE 



C-j_i d ^j^" i .. 1 1 .j <L>JI 4 -»■ L^aJ, CjI -y 1 i-aj 5 J_c dJl—uk 



J-*--> ^^j^ajj-jJI ^J-U I Jl-i4> i_<]j^>J,I '"<r»ljU,..l £yj S*<ljU,..f J^—t Cjl_aJL^=Y * * ^J\ olaJL^a) * (j^a LgjjjJs 



kcj-Ljj Cj La-La LtaHl I <?ji_jfc i la i ) _l_L_>oj 4 -v^" 1 ' •■ I ' (j <L>JI 4 at i a a ^>_a CjL 



oJlC ai Jl^-"i i hi /j *— -» -i V I |^y3 



I Jt_4> a I Jiir" i nl * j i"ijj l_£J i _j^sL>JI j_aj_tl 



) oj i niVi (j ^—i ojj L^al Jlst" i nl -ilj-tl 4-sr <>iU (jjjj («-3t».j 



'"'j ""_ J? M* '"M j *l— LlII dil Jl_«^oj 4_ucljjJI CjWIj ( 'j ^— >j 1 1 CjIjIj i uj CjM-^L>JIj CjLo-1 (lit I ^_ frj) (tl 
a j ga»IJ (_iLa- i uJI CjI seJaLJ J c < < ^- a j C, )Lii iou ■ -t 1 i Luojj-ai*. ^J I aJaJ I Ji_Lc » LiM *~~^ I * ' ** ' ' ' 1 J a ^~~' a Jl^t" i mIj 
-Tli po_) (jJL>JI CjI he. Cojj Cj La-La '^" ^j_a I uaj ) (j-u_i (V) J^— » uia jJb (_£l— > a a^-ll j^ljjJIj ciJjJjJLi jl jij^l 

. L^j , U * i >> 1 1 4_4_l3j 




•oH^ft^^™S 



Size P 



MW 



M 



zw! 



I 
j i J 



20 40 60 80 kW/CyJ- 
Output per cylinder P 

L$_i i la a » i a 1 1 (JL^aj rHi ^j <L>JI CjI *»■ i a a Cj I -y i i - Jl " (_^aju (J-ljj (V) J^— > ■"■ 



*t 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







{In-line injection pumps Type PE ^j \<uZL*i I j2*l I 4*^ u Ux<*a j 

: (£) J^iA size M <^ ^r^^ : VjT 

: _) p J -i nail] I i>t.-L>. ^jjO L&^-lC l j£. I -i I" *- ) a 4-»_lSILi ■•' I Cj 1 *>■ i>» 1 1 jJuus I l j J o ^Ld(j 
. (jJL>JI CjIJl>-j s.lj_»-2 ^—uL*. r I la » ' S-ijjj-a 
. i_£JlC.LJ9 Ci-liTij dlli 






Ji^>-_a f*^ 1 ^ (jr 1- * -1 iJLAj / A 41 ^~ » II f-JLJ 3.3^ sj-^Lj^a po-iis^o-a JaJi tjaj I «Jl>-j (j " '^~* " 

. ( (. i i iil-La 



. dJ^_>J.I Ojj 4 La i ul aj CjLaL^aJI Jja£- Cxjj^jj 4 \\ i nU 2_L)j^>JI 4 La i ul aj rftj-LaJ 




1 








jr^flj 


3 




p^gs 


4 - — 


J '- L " ^"t. fi 








Q 










il'iHl 






JVl ^j-I^kJ I iiejia^a «. I j^»- 1 (j-UJ ( i ) J^— ui 
,-,1 aL^jJ) \^ n /~ - V l«\£-^\\ . il" - *\ . S Jj^>JL) ^j^JI (j-ujlll f-lj J-t-aj 4-JLv - 



HV 



'AajljJISjb-^JI 
IjJI JJJJJI j2^ uUum 




J*> 



n i 



t Jjji ) i£ji\ f>UaJ 






: (<uuj-<. 



' Q LtJ ' I 



iaL^aJI *_iLLi JlJJ' 



: (0) (J^— < i"i S1ZC J\ f-jj 3 -v*" i "* (j-^>- 4-sejia-a : LtJU 
. ^__ij^>JI (jjj_pjl Liu^ejj ^j <L>JI 4_La^= Ja-LjLa ^j^-— » i ) - Y 





■ 4m, „U 



*A 







: ( 1 ) J^i.t. Size MW £ji <>2^ Urirt« : 15113 

(JJula ^2>-« A ~- ' *"• ' . I («-i-a^- *l_Li p-i_a Lr^- 1 ' * ' ^\3 J i>»^l jil J I j_yic (J a ' -^ "- 1 J ' - > I •»■ uaX\ £ya f~^Ju\ \jJb Jjb 
.('U-!i-«JI ' J * ' ^ CJli CjL^=j^>Jkl 4r (*' ^ r " ' "^-1 «Lli-u LLa J-p-<3 I Jul) JaaJi tjall <?Ju& (Jju*1ij 

: _i p j -i < -x" * I cL-t>> jj->3 4 -»■ . >» 1 1 ^jui p j i * -^" ' * " *- JJ 

. ^jJL>J I 2 Jl>-j «. Ijj>- 2 ^_ijL>. «. I Lag (_£jjj>o 2 . ) 

((Jjj-isjIiJI) JaJi tiall aLj-usj ^JaJlJ <Lcjji^a L^J (_yict <j-° < ■ ^~~'J " J^i 4_ifoiL2 (_ylc ^jTltkj .Y 

. (j u_L^=a I J 4JI a-La i ul a 

. ( tilljJ (_^jl^tAJ 2j>j)j_a) 4 ■"■ 'I all j^j3 (J^L>- (j-« a Jl>-j J^— i J ^j a&JI 4_uj^= i La uis pjj .T 

■* jgllal I (j^-l z*- 1 ^ 5 ^ )C^-*-A « * I o « n CJ I J ij-i.r.L£> ^ys \j£ I <Ua-m I_jj pjj (j " '^~* V I J la '"' a Ja-uia . £ 

.( 4 -»■ i >» 1 1 p ( n ~»-_g 

. LgJ U il (J-oiJ i^JjJ (j^— itj - 4-LLi.u. U 
. udj^aJkl CujJ3 ALIaj 4 La i ul aj pl'u CjLaL^aJI ^ i C CcjQJ2 . "I 



^ 



'AajljJI3jb->II 
IjJI JJJJJI j2^ uUum 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 








. (/J-LLtS aZLI ' a! <i <^-> j 

a it , >. 1 1 S'iIjU. , „l - T 

4-Se-uaJLI (j ■• • t ^-~ ' a - i 

.*-2jJI f-lji - 

. p^~~ » ~»"'' A_lL>- - \ 

. o^L^JI yb - V 



: (V) (J^— i i"i S1Z6 r f-jj j g j 7r, . „ a (jJL>- 4ie '^-«^ Lajij 
CxjjJjj (j u-l^3 ll j lj i"i aj 4_l«^= Ja-ijLa jjj-^J f 1 - n ' ~^"' * '•-"tF*" Lh° JV1W pjJ ;j ***•" &'■>■ ua * {j£. • a u *- ■ 2 





SIZG r pjj 4 -v^" ' •■ a (J-2j*- <je-ua^a «.|jj>.| l^- 1 (V ) J^-* ■"' 



f* 



^=L^UI 



£l>> 



r 



,-,1 ^l^—tl J|«nf - "\ 

_ ^ . . . 



- . >■ 1 1 S'lljU. , ,.( - Y 
.LaL^aJI *_iLj - 



JaJLuaJ I a\j$jl<2 ~ i 



p^—",tl aJL»- - £ 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







PE .. P £*~A£u*A3¥E ..A&~Asu*Atfe\fe~&j\2A 




P j A js^ ^-.^,^t 4-tij.|jJi -'j^^ 1 L-t:. 1 .' ( A ) J^- 



^ . > 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







4 ■> i 'si I , I 4 )| aJa-m) - £ JaJLtJaJ I aL«j^5 - Y . aj "n a» 4jlL^2 - Y i la » tJaJ I aLj-i^s (J^aL^. . 1 

.4 u,,;!'^ - o 
- W .oUl^sJI j>*£. - H .Ul^aJI ylj - ) o .^LiJl ju^» - U . iUj.MI jUulq - ^Y 

. (jJL>JI CjIJl>-j «.ljj>-2 ^_ijL>JI siLLaJLlI 



) .t 



'AajljJI3jb->II 
IjJI JJJJJI j2^ uUum 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 










4 -1 '*••■• 



II (ji>JI '**" ie-ua^a (_£jjj>o 



.Injection units ,>2*. olj^j 

. Supply pump <jJL>JI lazji^a fj\ -ijJSjJI jlji»» <>a -ij^jJI -iJJJJ <it^a 

.Control-rod stop sjj>>J1 j\jM j^** 
.Timing device <>^JI c^jj sj-i^s 



.Governor <>a*Jl 



4_LC 



^=s fisWn 



B J&>^ 



-) 
-Y 
_r 

_0 



.JjjjjJI <Lse-ua^a - Y 
(j-^>JI dcjj-jqj ^Ja-La - V 
^j <L>JI a Jl>.j - £ 




a -y^" i "t I ^JL>JI <LJejJa^a «.ljj>-i if^i (\) J^— » ■"■ 



/— S-U I ) 'j_Jj— a (jJL>JI 4-Se-tJa^a Jl *-3Ji-jj JlJjjjJI 4-Se-tiax 4 La ■ ulaj J>jJ9jJI (jlj^>- ^j^a _ijJ9jJI <. <-Se-mJ 
I j" Laa. Jlj>-I_i a Jlj>-j J ^— > (»J-23 CjI Jlj>-jJI i_3j_C. J I jLjJi^ejJL) j (jJL>JI <i V »>» a ^J\ J[j_ijJI (J^io Jtl£. £ 
lilj-jeTu a Jlj>-j (J ^— » ' A-usUkJI 4 aL^aJI j Lit "' JlJ£. j a Jl>-jJI «LJ| a La mb 2 Ji^a^-J-l' <L)JJlLJI <L3e23 JjjjJa ^j^l «LLa 
1 la A 1 , X ( ^JL>J| lLbj mi ) a Jl^-jJLI LLaJI uaJI lLsj_i!u LkjL-Lc I Jl-jJJ <LjJlslIJI <L^tl3 ^ a2 a (jr -l£.l JJ (j ■■; ^=*-U 



> .r 



'AajljJI3jb->II 
IjJI JJJJJI j2^ uUum 



J*> 



n i 




t Jjji ) i£ji\ f>UaJ 






4 2 




tiJj^>Jkl (^ 4-LL.u.UjJI (j2^i\ 



\ /yu\-uu iJ 1 

6 


.) 


.^i 


_\ 


. ^j <L>JI 4 -»■ i^t « 


_r 


. (jJL>JI <L)I Jli rt->Ju2J aj-l^Jh ■ 


.£ 


(J * "*- ' 1 J '1 ^~ ' A ' <2* ™ M ' d "*" ' 


_o 


^ i ,>.-»-" 11 2 -»-,>. « 


.1 


WJ^A 





> . t 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 






I JlJ CjLiiLijJI ^J\ JijJsjJI i La « i aj (j-4>- A j} 1^ 4r J-ufLulj i t -j-u\-ui2\ < ua.I«JI j^k 4-S&.uaJu q ".'^~ 1 a 

: Vj? 
.0 * ) J^ '"■■ JjSjJI (jii-xt ixL£=JI j_utb dUjj (jJ^-VI JJ JiimVI (jj« A-Jjla 





BDC ^yiluJI SiJU U^l JU£ (jnj^lll TDC LkJI AlJLI a^UI JUfc (jn.^lll 



^ .0 



'AajljJI3jb->II 
JjJI JjjJJI j2^ uUum 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







:Lil5 



(jJL>JI ^^-i^— JjJl^cII 4_ui3^l A rruill «Jj^>JI I^=>jj>-jjjIjJ tiilij liLp'- 3 J^— ,i: '.' ^^— J^ 




l^^ 1 t'j* 



J#>!)U1 Jtfu 



^'A 1 J*JJ 




J^1J~U 



AjpljJI jl 4_ui3^l (jjo^aJLl 4^=j^>- (>UJ (U) J^=ui 



) .n 



'AajljJI3jb->II 
IjJI JJJJJI j2^ uUum 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







(Ja>JI 4jlor *.l_o! (jnj^-iU <L^ajj>- jja-l^-a L#-ri tJj^^?* 



.A 



oiLaU ,-,-_^*--J 




Jl ^ 



j-li J! BDC 



iajudJl |jj 







*« J^r 11 ) 



juili i jjui; 







k j > V . ujj'i 




J * J^— ^•> l 

i ~i j L 



TDC 







JaJajJI LtaJLo 4jlof *l_ui S^itjUtl ^..j^—t I a^—j^ j^T^J ( ^ V) J^— ui 

: 4 SB ' ta 1 . 1 (joix^zx-aj 2'i)jU , „| di I o j <i i <^~ (j^>*J "^ 

(j-\ ' ht" I (j"*-*-* 3 (J-*^ l5-!3~3 41*. I jj^a *> » * i a I , I (_p3j_ij| <_ 1 1 n~>- a -»-.>■ 1 1 .j ".'^~~* "_J ** J ' ' ' 1 j 1 ' ^" ' * ' **" ' 

: (jri**. i («L_pO /< <i i ^Ij dJj^>Ji,l (jljJ-S 
i U j » . V- 1 1 Ju£, < i^ i nil I *Jua (jL»jiaJ 4j| aja-m VI (j^-l_J 4-Lu JljIj p I ^— ' 3- 1 ji'^' /_^j J (j " '^~* II » * i -•* ' - 1 

. 4_JL«JI CjLlj tritlj 4jU2JJ_I,l 

. Cuj^lII j_p3jJu «LjI aia i u VI a (j •\'^~~' II (j^-> -ij^J-J' (j-* „' " ' J^- 1 f " '-"J ^ ~~ ^ 



^ .V 



'AajljJI3jb->II 



J*> 



n i 



t JjJi ) i£ji\ f>UaJ 







(j u-l^3 1,1 (_^jl Jl>- (j-u jj-« -^J^J^' SjiajJ |_£j_3t.4-i '" J ' ' Q^* ' [^ o ' -**"' L ^>^ >l i' (J^ 3 ^ (yJ^Jl-ia «d>-j)j_lj 







( .ia^ojl 7T^>>-J (J_ai-.i) a Ju»-lj <U jJu i^tla CjI j 4-J I aia i •■! ( ^ V) J'^— i ui 




. (^ j) jJL>J I Jj Mill - "I 



(j>jJ9oJ1 7r_aji-j J^-i) ^-^ cr 1 -"*- 1 ^ CjIj AJljV-iml £) J^=u 




■ J iM £i*0 iX^?" 5 " ^ 



. J>jJ9oJI S-Sj-*-! (_^j-3e-4-i 3ji_aj^a S'iIjU , „f 0) J^—' ■ 



^ .A 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







LJ ^j .1 \\^—> 1 1 <q a i taj ajLjlJL) diLijltl (J-tlSja ; 1 i a a iJaJ I { jj\J£d=i 4_i^L>JI d)l ■ lw*»tl ^j^» ) j^"-"'^ 
•■ L^aJLI -»• La i •■ ' (j^>-) ' ^ 'J 7* ' CjI j (j_ujL^=3uo ^ ^ < -Vi i"<l^— >^ -».t I ^aju ^_ (J-iJi i""itl & Ju (j-\ ' ""f'tj 



O^ 


















j A»- i >. 1 1 ^j_ujL^=ua f^^-t LaJ ( ^ \ ) J^"* '"' 



Delivery Valve : ( Jju^III - fj*j }tf I ) hiuai\ j»Ud 

: duAjuaa 

; ^_ d", A^iIA^ ,_;-""- Lij a ^j <L>J I 2 Jl>- j «. |j^ 1 ^^ I 3-* JaJLtJaJ I * Lj-t-a 

. 4 ^- 1 >■ 1 1 ^j u_L^a a L7-^-' JaJuiaJI 'L3^JLi i La » i a 1 1 (_pal ajol JlIc Sj_i1uLl« iLaJi lIsJi *_Li2 ~ ^ 

.(jIiLiSmJI 2j_iJ (j-UJ 4 i ■■* ' i-LaJi iJaJI aVajlg (j-u (_y]L*JI i La * i ia 1 1 c-^uLJLl i La » i a 1 1 ^ic <LLk2L>Jkl ~ Y 

tJ-Lta LLaJLis Jl ilaji uaJI J uaj LaJtl£. VI ^Ltll ilaJLJaJI (-.t-ulJI Jl J>jJ9jJI r-_jjJ>o 7-1 a i nil j*^- ~ ^ 

.( 1 V) J^~* '"' ' la » ' -" ' I aVjo-*^ (_^JaJlJ 2^a^_J i<u4-t^3 <- < i ua. 



^ .H 



'AajljJI3jb->II 




J*> 



n i 



t JjJi ) i£ji\ f>UaJ 







. <Lse-uaJL I (j •\'^~~' aj d'ltjU , „| 



A Se ■ >■ 1 1 



(O I '!"*• 



. ((J-u^s^jJ I - p^>-j^UI) JaJI uaJ I aVujus 
.j^JLaJI ' La » i a 1 1 (_jjjj| 



Y 

r 

I 



1 

V 
A 



(_>iiLijJI j 4 ^- 1 >■ 1 1 2 jl>-j (j-u (Ji uajjl (j^- 1 V) J^— » ■"■ 



(jl jlj-ll >1 <1 l^ltl A-ojIsjj (j ri-stl 






( \ \) (J^a uij A) J^~* '"' CjL>-j.»vlII <>Jl_<4> (J aJL2HJ 2 JlCI i n a Cj La Lj_»^aJ a! a L<aj| 4_Cjji^a j j*- ■ I Jl-J 2 L^t2 

. ((J-llo^Ij I ) JaJLiJaJ I CjLoL«_i^5 .j'"* ' f"'3- 1 '_J *lj'" : ?"' qLLlu 



^ ^ 



'AajljJI3jb->II 
IjJI JJJJJI j2^ uUum 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







JjTTll — 



. ■> I o i a 1 1 (_3L<_u 
(_£-io-a£. JijJl>.| 



.Ui.MI >Laj-3 *lj^-f OA) J^- t!u 




» » La II i i-i 



JaJL a 1 1 ,»La-L3 4j:a.w 



1 

Y 

r 

£ 



. Jajl LaJ I ALa-L3 (J-«L>- 91 rt ) n~>- - 1 

■ i ..^-.»tl ^a juJI (JjJLSj AL«j-i5 - Y 

. ■> LaJ-aJ I ^JaJlJ - X 

. ■> I o uaJl 4 ala. ~ 1 

. ((Jjj^jIuI) JaJLuaJ I ALjj-is - 

. i La » i a ! I aLjj-s aJtcLa - "I 

. J>jJ9oJI 7T_«J^>- («j-^=) ALa-us - V 

JijSjJI SjJlC ^jjxjO _ A 

. jjSoJI f^^j ( *j-^=) fkL«jLo - *V 



Control-rod stops : iJ^ULjuSjuJI^J 



p*) 4 ^- i >■ 1 1 i LaJ \l i/\*a >jj^~" ' 'J 4-Se.uaJL I ^j-a J>jJ9jJI J-u-ajHj ^ uSlSj 31 (Jj^kJI JljJlJso pljjJI Ijufc 4^ t l13J 
^j^-— » i ' j (jJL>JI 4_La ^~~* [aJa-L»j Jl ( ** ~* • a I , I lL3J)j_<1u l, i i n~>- £_pjua j| a i"i a 1 4_lLuJLI » Jj^>JI jlj) i"i a JJljso 

: I a it) jLcjj dJLui J^>-J-> J Ja-uJaJI jl a i n a 4 La ■ ul aj Lj Ju 4Ja-LLa 



^ ^ > 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







. (TO j^-i.t. Fixed control-rod stop caulil! eiSplL ^~-ti ^j 
.(Y • )j^a ,t. Spring-loaded control-rod stop o^Ll ->j> <-J^^iJLj ^^ill ^Iji 




. iiiuill 2Jjj^>JI 



1 

Y 
Y 

r 

£ 



. cjjIUI i d^jilL p^—-»"ti c-lji 




. 4 muiU SJjj^kJI - 


1 


. J Mill 4j^aLu3 - 


Y 


,U-i<-l,>.n l Uii,>.njl^,„fl - 


r 


I fljaaljl 4_ii>.j i^LJI (Jr^-i ~ 


£ 


,t-ii ,>,H ^j>. ll 1 - 





. ' * a j" ' 1 /*- l ^ 5 _9- a ~ 


1 



J**s* *Ji -b . ^Ni jj-i - a 



<_dJ9jl!L) ^^-iielll f-ljj *\y] q^-LJ (Y ♦ ) J^=u 






Controlling Injection Timing : j2^l(«ji2j3^M 

(j-aj^JI /o-iJlSjJ SJ-l^jso (Jl 4 ii I" he U CiUl^ i nil CjI j J|j_ijJI d)L^=j^ta r-Qjso 



«-J I Jl-J (J-ti )*i"itl (Jj^-lj^a »_Lqj>. ^_ <U_)U 1 ■>» )| (Jit i'i^I 4jLLa£ 2^12 J <U_)U (jJLxU 4_tlajJI 



^ U 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







: J^. J«J d^ AJ^a^l 

: (Y) ) j^-i.t. Open Timing Device ^jiiX\ <>l>JI ^jla* - 1 

*_a f^UI ' JkJ (^^jLJkJI «.j^>JI <_p-<J-l i_^JlII (_£jJ1 JlJ! (J-u^jJI 4 La i ul a ■) Jj '"' *£? ** * ' ^ ^jLal-^= Jij.q-t-1 ( •^~'J ' 

. udj^sJkl Ojj 4 La i ul aj OjJ_> j Y : ^ 4 i i n m 4jl>3 JjJ^ t-l!j-aiJiU JjJSj-t' vji'* 



3 4 56 






9 8 



<L^3J^>JI (JJL) jL 



4 I L^i ^ y-j" ii t, I (jJL>JI aJuLo «.ljj>-i i^-u ( Y ^ ) J^— > ui 

1 . (_l!j^>Jkl X_« J^J ( lit" 1 1 (J-U^3 ~ Y . 4 -»-,>. ^It (jljjJul (J-LLOJJ 4_lL>- - I 






^ ^r 



'AajljJI3jb->II 
IjJI JJJJJI j2^ uUum 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 






: 4 flLtacJU i_l!j^>Jkl (J-ti mi" (Jj^-lj^a JtJ£. £)JL»JI aJuLo (Jji£. ■ J ^^^^— ■ (j"4-> LyJ^J' (J^ 31 -" 




-Ik 
^si(M ^^ lij£\ ^y> -2 




< ^WJ 1 £*j*) Sje-S' **^ 4>l LjljjA -4 




^^ Jljjj (Jt* *iL^ -1 




i}a** jZA l&j-ml iij#l .Mjji ~3 



( (j rt->tl /<uJt2j <U^lj 3. ) (j <L>J| /*ujjjj <^>-J-S »-iLjj LJ^-ri (YT) J^— I i"i 



^ ^ t 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 






: ( Y£ ) J^=uS, Closed Timing Device jiiil <>i>JI ^jlaa - Y 

JjJ3j_tl vji<* x_a Jj ("i t <j Jjli-i (*-* '*-L>-'J lJ ( ^*d>^' ?- L * 2 '3* ( "-"*tP" CuJ>Hll j_3l j 4JI_i J^jl i oJl (^C p- aJiJ I I Job I ^"'"-J 







(Jim (j ii*«.1 ajJLo *lj->-l dr^ ( Y £ ) J^-i , 




Jjli-U (jJL>JI aJlH /oJlSiII ajjIj j *'j->-l lP-£ (^^) J^ <"' 



^ ^e 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







Governing Fuel Delivery : ( j4All{&U ) j2*Jl 4^j{&ull3J4iaj 

( _ 3 jJI (JjJLcujJI ^j-"*" uaa. (_ y lc (J J ua-Sel] J>j_J9jJI ^j <L> 4_l«j==3-> p ^— » -»" ! I J I J|J_iJlJI Lilj-zejH r-Lijso 
tl!j^>J,l JJJl-J 4 ^— j =»JI (^jLj 4-ta mljJ JijL) j_d>j tl!j^>J,l o'jJ- 5 ^^ *-JL>- 4r * '^,'1? U^'-^ cd^aJLI p-4-i^ 

J_)I^jj (_j*a3l_Li!L) |j_i3 ( l_ffc_>_i£.j - s-lj-JI lLlC I i a ~ (jJL>JI 4 -»■ i ia a ~ J—I^jJLI ) <J-i<-« i_l!j^>JJ 4 La ■ ul aj 
J>J_J9jJI 4_L«J=3 J"-^' Jj J^ll mtl 1 j « i a J £_ ( 4 m i rit,l 2 J_Jj^>JI) p^~~ '•*■"' Jl plji «.Laj ^LlILlj dJj^>Jkl 4JjjjejjJ 

Sj J j - """ J ' '~ l *"' 11 l^£J— > I Jl-J J U ^— > Ju>- Jl liJj_J>Ji,l <Ulj_l_u OUJ-l ,-a-Al I n"l I II LiJj^>Ji,l J_ljjj L^J (^ JlJ (_jjJI 

: JlLa 4 aloieJLI dJ^>J.I (JjJLiliJ i_3j)jJi ' j 1-s -j" ' •■"' (jr^' CjLtlLajJLl Jj-ui^ilJ (jJL>JI ajIoJj 

. JjitVltl * JlJ JU£. JLjIjJI ^J^>!l *t!-*^= 4" p^^— "^ ~ ^ 

. ( J-**. >UI icj_u) LdjjB-*U LujJI ic.j_t^JI ajJ^>o - Y 

.( <J-*3- /- '^i ) LiJj^caJLI ^ j ua2l\ ■Lc.j i ii tl JjJljso ~ V 

. i_dj^>41 i-3L2j^ ti!j^>Jkl {j£. .sjSjJI *-IaJa - £ 




jSj^^jj 



fjLyjfl ^utJ 



4_±£=jJU JljLS j jjJLsJI pla-La (j\j 4_i^=ijJlj=3L : J,l Cj^Lu-ajlII O"^ ( Y1) J^ -1 ui 



^ U 



'AajljJI3jb->II 
IjJI JJJJJI j2^ uUum 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 






3 i j flj ■ -■ 1 . 1 ^JA»J1 <LJe-iia.a j ciJjj>Jj *-a ^j fl->Jl ro.La.La J-ax. ■u»U»^/» 



UJ**-H JjSjJl ^ 




2 tjH ■■■* <j&* <i«lA 



J>»4>- 










.'yj-ij' i-'zj 



(iji-tjl Sijlll) -<■>'■<* £' ji 



j^aj ^i. 



jjsji j^j| 



I 



— ■ 



ft 



4-»-lSILcuJLI <Je-uaJL I a i_l!j^>Jklj ^j ***■" ra.La.La ^j-u 4J9}L*JI i La Laie a (j-U-i (TV) J*^-* '"■ 

I j* a OJuLLa jjjJaj LlUjj ^j ***■" a ■■»-,>, a «Li d-iilU ti]j^>Jkl ^j^a A^=j^>JI (jJL>JI ><i-La-i-a J q"i i u < j 

.( lij^=jX\ SjjUaJI ^jilL ) L^a-ul^a-La - I 
. ( t- <-* i ntl (_^jL^ta Jjj^La {j£. ) (JitiJejJLl ~ <_) 




/-^ai-LiL^aL-ul (j <L>J| p La-La ~ \ 



A ^yT, , ..\\ A '-*■ , >. t I \ ) ^^-»^»l^— ^.t I ^j^'s-tl pUla «_lij_a (j"4-> ( ' A) J*— I I 



> ^V 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







: Mechanical Governor .^y.t^ti o 2 ^^ ?^' ,a 

J^— » ill a (j <L>«JI a I la la 4 i ^— > j 1 1 pj-i (- < "i~>- AJiir" i »" p'j-it »JlC «Uj <uj^=j_tl aJjUaJI |_£jJi]l Jjwuj 

: ^IjiVl jl*V 2Lili.|jd| *l>>.Vl ^ (Y<\) 



ii jjJl JijJ 4jljjd? . 



4JuuJ! SJjj»JI JuJl DJy>j ^ 



JtA. TH .JI i^aJUM 



jjlj^JI *|al 










o^ 1 oUli JJ*6 



JUijSfl fb-jl o^ 



/— ^3ljjL^3l-uI ^j <L>J| p la-La 4^=jj>- 4_2jj^s j *ljj>.i (j-uj ( Y* ) J'~ l '"' 

: (jh La-La 4l nr AJL^is (j^ticJj (j^ 3 <j 

(j^. L1T1 n"'^ 4jj^=j_U aJjLLaJI i_£jJi!l (J^-OJ (JLSjVI TTJ-a-U kie-uaX L CjLoL^=JI Sj-»e o'jJ^ Jl ^ c - 

L<j-a 4 ii i nU aJj^>JL) J i ^-" 1 1 pljJJLi SJLuaXll 4-J .^.At I cdj^tli aj-5j £jjJlJ i^JlII JjX}-^^ Hj-* W^'j^' 

. J>jJ9jJI (j-^>- 4_l«^= ajujj (jJL>JI «Jl>-j (j " j^-* a J '■ '"' LbjjjLJ ^_jJ-I' 4-lLuJLi aJj^>JI i- i-r i u Jl (_$^j-l 

2 Jj^>JI i.iti ii jlj ^LjJLi j (JL2jVI r-lj-ajl jlj 4 ^- < >■ 1 , 1 ■) dil al^a !l Sfr»e (j'jj-^ * £, _> J - U < — >-*lj ^ o^^ ♦♦♦ 

a Jjj^>JI Jj^.Ci^ (_)iajLL]l ilaJLLa (Jjt-aj I aiki! JLSj^I CjIjLc 4Je uaJLL CjLaL^aJI -ij-a^l (j'jj-i J^ ^ ^^^~- ♦♦♦ 

. JaJ9_aJI ^o^— ,Ji2j OJJJlJ i^JlII j";* 1 - 1 ,1 o'jJ J <J^ (jr^W J JL<"^' ^'j-""' Um> 4-LLmXI 



^ u 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 











: Pneumatic Governor ilkLiJL. <>^JI fjaju 




I r r » ^ I h -■■ l± 1 



d'.'....T1 SjLljJjJl 










jiL»Jl (L^rfLJ jl*JI jJtjj * 



AJgel>JL <j-<L>. p^it 4-lL>-|jJ| s-lj^zl c>UJ ( T » ) J^=Lji 
(Ji-I jJI *l fcJI icj-i-u (^yic 4 I of IL. J-aTnj J »j ii L<aJI CjL^=j^>J,I IL. aJLJbJLJkJLi j^-^M p^'" a Jiir" i nj 

i^^C. j <. iir ( ntl i_£jL^ta (j-u (Jj-aj^a (_i^jj| i_dl_ak jij^~~ ' ' dwt>. (. i-a- 1 aJI i_£jL^ta ^_ J>^j».ji,l ijTjJ calaJI j i£ 

LiaJLLa (JaAj g.1 Mittl -Sjju ^Lllu j 4-UeJL>JI JJij 1. >•*■ 1 nil i_£jLx_a_i *'^tJ' (Jj-^--^ 4-Cj-"i ^JJS Jtlc j 

. 2 Jl>-jJI (j " j^-* a O'JJ^ p3-?"J (J-*- 1 *- 1 >j *"" (J-2- 1 J (3j' ' " " J * ' ^ J * 4 ii i nU 2 JlJj^>JI Jij-ClS ^j-^ )l jt_J 1 



\ H 



'AajljJI3jb->II 
IjJI JJJJJI j2^ uUum 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







: Electric Governor J&u^ <>^JI ^Ew* 
Distributor Fuel-Injection Pump 2j>5Ijl1I J^jjJI fifte&A 

L^jIjjJ JlIc 4 1^" i al ,| 4 ^- i >■ 1 1 ^yj (.LusjjJs lJl»J j L^TuLlus 4_L2j jLLcj ( -^»tP" ** ^-lSIajJLI 4 V . >» 1 1 Juu J|j_ijJI 
. Sj ii LiaJI CjLL>-1 Mill j ' l J^~~'j" ^'jLu-u A_ aJlJt" i n" ^^°i 4 tiaAse La Jaa-Lia dlli L4J 2 j 

; L^_La »l qi ii I oJlXJ /— a-mJ a 
. 4j^jI jJI (Jj_ljJI (_y&>- 4 V .>>« - 
. <U^>-jJI (Jj_lJJl (j-Sa. ** "** ''"' a - 



Jj^JI j* ^tjIdJI M^j jLi* 




^> 



ij^jl.} (Jjj-i (j-^>- 4-jr <>it, JljJ9jJI »JJJ *'j->-l OV^ ( T ^ ) J^-" '"' 



U. 



'AajljJI3jb->II 
IjJI JJJJJI j2^ uUum 




J*> 



n i 



t Jjji ) i£ji\ f>UaJ 






<Uj->1jJI jj-^><-J' Oejuxa fl^jv] 



Upj\ii\ JjiiaJI 




4jjj|jJI (jJL>J! istiiaj, 4_diJjJI * 
(j-a^JI 4_ui^= ^Ia-La - * 



■ Cr- 



il^.ll 



•Lcj i ntLi p^-<-.-".tl i£j)" i n a 

. (j-^^l AJa-La (JL2jI 
. JaJI i a II ' p ^-— » stLj ' ' aLu^o 



^ • 

n 
\y 

u 

n 



VI l« ( TY ) Ji^i 

. (jJL>JI pt-iia O'JJ-^ -L9 0t * 

. ^j <L>JI p->jJij SVj j*- ' 

. CjLoL^=3lJI ( jj*j^s 



f* 



^ljuII ^LJLw 



. 4-Se-uaJLI (j " '^~ » " 



1 

Y 

r 

I 



1 

V 
A 



\1\ 



'AajljJI3jb->II 
JjJI JjjJJI j2^ uUum 



J*> 
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. AjjjI jJI <Lse-uaJL I «.ljj>.| p^* ■■*" 4_uLi^= L^-^ 1 \ ^Y ) J^"""* '"' J 4-Li.t.a 



jaSLiJI JjljJI 



jjJ^JI Ji-jfl 




. 4 -»■ ■ >» 1 1 j^Ji-lj jj| JijJ9^jI (j|j-»- (j-« J>^J9^Jl >. Lie i n s j^J-S-i 

. 4 *'j 2 *- 1 , 1 J>^J9jJI 4 - ;-i^~~' ' p^-»-»"tl (jj^la ^j^l i_l!j^>Jkl <Lcj_<_uj p *^- i -*■" ) 
: /j i u-ual * i a j}j j ^-— M -JjJ3jJl * lo^ ji^if p, i q°i ~ 1 

: Aa>j| Ci-Lajj (0 1 ii^ ~ 
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J*> 
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jai— A— t| 




<jlj_* ,>» Jj_.jJI 



: J^-t^JI bUj>J fo_w 

. 4jj_l jJI J|j_ijJI (j— — »■ 4 ^- ' ^*- 1 J>jJ9^JI _)'_}—»" tly° JjSaJI i_.L3e.mJ J>j_>jJI J^JJJJ 4— — t— — a Aj-23 

. J>jJ9jJL) Juj^jJI 4____vO (Ji-I J_ JijJ9jJI ^jLjj.—/ 4_i_-i__3 ( T£ ) J^— » '"■ (j"4-> J 

i.iTiii J] _?-Sp A— Ij i n \ 4___aJL I Jij-<v— 1 4 1 1 _J 1 1 <L»-j)jJU (_>"JJ O'JJ-^ ** ' 'J.' (J-* 3 -— ' ( ~-rP" 

. 4ie___,l (Ji«-lj _JI <i___L— ■ J -ij^>II 
_i— — — j (JJ-Sj La-a ' — — i— U ->JJ— J (_piJjJI (jy— £. j3Lj i_3j_^ i L— i — — II (j_3 4___aj, I «.^_Lal 4JL>- £_ 



f 



^, JJ^jJI Jjcirf |wi J] J^JjJl l VJ» £>» JjjSjJI £jj 



JsJwJL jiA' N ^ I sl*rf 




4. VAM J jJJy 4 jLjSj i^iyy 



jii J 1 J^j 



jjil j JuhmI [jKjjJ '-i. U i 



J>jJ9jJI J^JJJJ 4__xi_/0 _}_-! J_i J>jJ9jJI (jLjj__/ (j"4-> ( ' £ ) J' : ~~' ■ 
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. ui!j^>Jkl Qui aia i ul /J] I j* a j CjLfuLfujJLI i La a * • a I , I J>jJ9^JI x_jjjjj (j •\'^~~' 1 1 AJ-^-i 
I j La » ' ia ' aj-Sj (<u *^i!La ^1 ^j 2 ■"< /- a i uJ j 4j 2j^>-ji,l (_£jL>iil ^_ J>jJ9^JI (JLiol (_ylc ,_; u-l^3 II (J-a-*-> J 

. <j-<L>JI 4jUr *l_ui AJjJpJI J AJpl jJI -j-.j^-i tl 2^-.j^. (jLluj ( Y"\ ) J^=ui J (TO ) J^ .^ J 



TDC " 



JUiil >j-i)' 



jljl-^l J*^ >]U 



JJfc.1 



0' 




90' 




gut yi sktu 

BDC ^*-fr 




C 



.jljyJt^j. 



-*- 90° 
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->J-<3-C (jj^ O^^ 3 Cr^~ ^->'^>-J ?^D' CjI j jl <L»-j.}j_s ji OjjLo » i i <aj (j| ^j ^— i o t, I £yi ct-p> LgJLi-l JlJ (j ri*«.1l 
<>t._L>. ^j_a If dll he uzus • <!"■*■' j i_l!j^>Ju CiLaL£==> ^ a g ^j_a I j"^~~'j > J a" i n"< <>t,_L>. L^J ^Li. CjLaL^= 

(_j!lj| j 6j ' • *— » 1 1 '*"■> . >■ 1 1 ^_ j|_i i ♦ * • JJ * * ^j-* 3 J '^ ' Lq-Lu Jj-LXjLal I d) Lie tjal, I ^_^.Lt.i^i I j laa » i a 

. I j* a pj-ll 2 JlC (j-UJ ( YV ) J^— » ui J . I Jl>- "j I ■ ^— » 1 1 ^j* i qJI ^_ aJlJt" i n"< 




PF^I 



a ->■ ,^> a 



^.1 u^ ( YV ) J^=u 



. PFE 1Q £ji ^a-,^fl - a 

. PFR 1 K t y ii^u^ - b 

. PFR 1 W £ji 4i^ - c 

. PF 1 D (ji>- <ie '^- a ~ CI 
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( YA ) J^-* ■"' j 4_JL>-I jJI «.ljj>-VI ^_ Lu^23 _r Ji 4jj_ulL_uJu ^j^--M qi -» '^ a *_« "r 1 oi ^- '^»« <ul mi"" 




PFR 1K^ ;>> Ait^iii i-JiJ jJI *l>».Vl cjr^j ( YV ) J*=-.,t, 

. (JjLUS alijl a! <i Lt3 

. d -»-,>•. 1 1 a 1 1 j U . , , I 

. d -»■*>. 1 1 ^j "j^— ■ a 

. (juj^-iU 4^=j^kJ A^=u5el!l f-lji 

. LaL^=J! yb 
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: CUMMINS - PT D ( Top Stop Injector) >UjS jfe- ftltt 

,3!^>"VI i^J-C. (J| -ijJ9jJI daJLiia J a^jLtU al_<J9 <J-aJ9j 'J-^' 'A^* 1 (& O^ Ai^J-^ (J^^* - ^ 'Lh?^*-^ e\^ 7tl3 J 

. till jJ 4 LiajLiaieJL I 4 aL^aJl 4^=jj>- <■ i 1 n~>- ^^LijJI 2j_ll 4^=jj>- ^j^— " J 

. (Y<\ ) J^i, j (YA ) J^i ^ U^= 




j_La^^= (j-^>- fkUaJ (j-UJ (YA ) J^— » ■"■ 
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(j^-^t| 2 il<,^ '$> J-,\ .%^t| Xj <l j 2 ^I'^-.tl 2<^-ij-w. £■« .i f YA") J' 1 — -. 


. /yj\-LJj\j\ />iajL} — 1 i 


. jjli Leu i)J 1 /j_u 1 ) £ 1 La£ 1 


. (Cu\ I 'i i>i' /*i ' M~v — '0 


. »l LaJLlI .tVal^ - Y 


. ( _ > iajLi!! Jj^j T-3J^~ ~ ^ 


( .ijJ9^Jl (J^io aulu ) 2j^= t ^rh LO ~~ ' 


. iil* - W 


■^^3^j^~ i 


. i^JJj LJujJ 1 2 j-i\ J 1 jj-u-L^zauo - 1 A 


. ij\jua ~ 


; Jt VI ?? ij-^-M 5MjU.„f - ^ 


. Jij^jJI J^io - 1 


. Sj-jL»JLI 4j^I£ - Y * 


• oj'j-' ^^^ _ V 


. J_*Iu 4J a_a Lt-3 — T 1 


. Sj_jL*i,l 4_*j3 4 jl-v. - A 


. <j*j>-jLLa 4-*^'j ~ ^ 


. 7^jJ>j_a ' La C 1 i a ~~ ^ 


O^J ^ ' '^ _) ^ ' " A ~ 


. 4_uL^j Jl^Iu 3 )9_i_ul_a — 1 * 


.^jJI^Iji- Yi 


. «^jJ! J^u^jj plj j - ^ ^ 


. Lal^=J!jrU,„ - Yo 


. JljIj 4Ja_al_LO — 1 Y 


. A^l^JI j_>Li - YI 


• (J^ 1 '-'^ j^^J-* -1 "-^JJ ~~ ^ 
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♦.Detroit Diesel J^JiiuifjuJ j2»- f»UaJ 



^QJIJJj tuLillLiLSjLjLi 



>jLJ1 w ju J 







^Lku 



I qjJj ( V* ) J ^-IMf 



m 







^J^S j&UJ JJJJL)! J>3j j2* j»L£J 

ELECTRONIC DIESEL CONTROL (EDC) 

. 4jl»-IjJI ^jL«JI oljLc. ^^-i^— ~ V 

. udj^Jkl ^1 Ja.|jJI »|jyl| (2>^m tUiih, - i 

. -ia^aJI ill^LglmV (jrCj-^II J^U-ll 4JJ9 - ) 

.dJjjx-aJJ aJ^f*- »jJJ9 ~ Y 

.CjIjjIUj (jL>-jJI (j-a jl^U^yi jjja ^U* ajLc - T 

. J jt Mi'tl i_3ajli i>_Lq--^. £_ dJj^sJkl J a-g 4-i_u}L<-u - £ 

: <U^sL>ijj J|j_ljJI jj^>- ^"j^'" >jalalll 4_»-L>JI a ->Ljj JJ 4-fljl 1 nil CjljLiIkl VI ojufc Cj.il 

. fi"— 3 gelUl 4 J I ill I i|->- 2-iLjj — I 

. 4_l>-jL>JI Cjl^plil 4_>JLfct (jJL>JI 4 a j la * a 4_uLj=3ual 2 -SLjj ~ <— 1 

J j 1 -~. ae 1 1 j 4 aaJa-UI *ljj*V ( _ ;r ^ \jIlS V I j-a-*J I 2jLj (JllJLij 4 ^— j -»-" 1 1 *ljj>-VI J^-— 13 (j-a J-ti2l!l _ ^»- 

j_il O (JL>- Ju tilljij J>j}J9aJI ^j^>- a! laj jjj'-""" Jlj-ijJl (j-2j*. '"'' aaia-La « j 1 1 ^" CjLj==j_i1u 0-aLJ9 I Juk J^— > (_ylc 

ojLib (j| 4j^sL>ijj 4.3-1 1 i nil CjIjLlIcz lLUj JjjJLxjj aj *" 1 _fc/V_,U 4_uj^j^=JI 2jL>-_aJ L^Ia-ij J aJJuLLa jjjy *^— ■ 

: JjJLso 4_uajjj==J2l CjLaLisVI 
<L>JL*_a 5y_alj_i <Uj)j_aj ^Jjjlaj J I AJsLiisI di U-tilLaJLl 4_uj^jj=3i]J CjLujLiJS «.Ijj>.| 4_uL^=Laj "~ \ 

X ECU ) <L-UJtl OL.LJI 

JjjJoj AJjLiLa I gUfli U dJJjij 4 -j 'j j ^-» Cj^I <mki a) j ■<- 1 , 1 4 2 1 » 1 1 p^-.-»".tl jaiaj J3 j ■ t-Vi 4_l)Ij=3 al ~ Y 

. 4 i^ 1 — .M^— it I p^— ^-"tl 



>r. 







(jJj^S f&UJ JjJJJI j2* 4«ajii« f IjjH 

: ^Jt 4 j i rmj «.ljj>-i <u}lj ^j_a ->1 ta-JJI I Jut ,jj^~ '"" 

: ( Sensors) oUl,„^tl : VjT 

4_Uj^^=JI p*^—-»".tl Sju>-J J I <_<_4>jiJ 4-Uj j^~- ('"'1 .>. i'i) CjljLful J I ( I j^za-ibj j »^ Ig ^>-ljl 

: (_yJb I i^-~* i a * i •"*" CjL-uI i »■>!! ^j^a j_<!i^= Lr^- f* Ua-*J 1 I J^ifc L5j^ >1 di (-CA-/U ) 

: Position Sensors ^>l! cjL^Uo^ - \ 

. Inductive Sensor for Speed and Position of TDC 
: Temperature & Pressure Sensors ,U;.Mij 2jlj^»Jl ^j.> ^LiS oL^L^ - ^ 

: Start of Injection Sensor <>2^JI * jlj st^t j^j^ ^L^ - j 

JjV 4 )| aia i ■■)" '.' ^^LiijJI p i n~>- fLj^Sejj £—. ~cj-lu\-uz 9-^jus^jC ^yj\ i n~>- *> la ■ ul aj ^j <L>JI «. JlJ 4ja_>J JljJlJso pjj 
: (_y^J CjL-uI i »-> II {jja jjj^s (jr^- ) _ / jl J ^~* p ^~~* "-" ' (Jj-iJJI (j a> 4 a >aJa-La (_£_jIL>iJ_a, 

.(Needle-motion sensor) ^iLipi SjJ i^=>^ ^La^ - ^ 

.(Water temperature sensor) jj^lUI oL^ »j\j^ i>.j± ^L^^ - r 

.(Potentiometer for control-collar position) i } 3 l^l\ i^=j^ ^Lu^ - x 

.(Air temperature sensor) l£!j^jj Ji.|jj| ^Ij^ll Sjlj^. ^jj, ^l^^ - t 

. (Fuel temperature sensor) Lajk;U Ji.1 jlj j^yi 2jlj^ i^jj, ^l^- - o 

.(Air flow sensor) *I^JI ( <*«£=>) ^j3 ^L^^ - 1 

.(Engine-speed sensor) ^j^il obi J ^>" o^^^ " v 

.(Road-speed sensor) 4^=>ll ic>^ ^L^- - a 

.(Atmospheric-pressure sensor) u^>Jl .U;.mi ^ls ^L^^ - 'V 

.(Accelerator sensor) ( jsl^ji ^j^ a^Ijj, ) ^jU^lii ^Ua^ - \ • 



> r > 







.(Speed-selection lever) ( oLcj^ji jjjjlI^ ^Iji) a^-JI jL^i ^l^ - ^ ^ 

: (Electronic Control Unit) i^^H p<=u^-,t) - ijA j : LiJlfi 
(<u ^j cjL^l^ji <>a LajUJ! oljLi)?! jLalujL ^^j (Microprocessor) j^ ^ju^ ^ 2jl_ui 

Juljj (a-JLHI tiJj^sJkl (JjJlAj (<mS) CjLjLuJI <LLajjj>- <L>oj_ii aj_^=l jij 4JjjJtil 4_uisLjjJI Cj^jLtiLi LgjjLiLa 

: (jyic. p^— itlIII s Ju»-j ^ jTcv jj 

. (Microprocessor) jjSj ^ju* - ^ 

.SjuLloJI A^=j_<iJI Jj! (j^a AJjita ixtliUI i_dj^>4l J-Lt-JiJ pjJ9 ^ifi. i^jlbo (MapS) lLjIjJkJI - Y 

. (Injected fuel quantity) jaiaji 1^= '2- r ^~-.ti ; luaU. 2 j^j - r 

.(Engine shutoff) udj^ai 3>Lcl 4. r ^~-ti ; i^u. s jo.j - £ 

.(Start of injection) <>^JI *jl> 4. r ^~-.ti ; ^U. 2 jo.j - 

. (Exhaust Gas Recalculation ) ^ jUJI oljLc. ^Ujj 4. p-g= — - — ~ tl .* ^=>^> 2 j^-j - 1 

.(Starting control) Jjt.v.tl * jlj 4. ^ — -ti ; i^Lk u^ 3 - v 

.(Diagnosis) JLLcVI d&\ r,r<^ i^u. u^ 3 - A 

: (Actuators) oMJlAXI : IUIj 

sil.il 4- p *— • -»"" ■ d ^^~~ LxiL^a-La <L^=jj>- Ml p^-.-»".tl 3 Jl>-j jj^a ,_jj j^-» tl r-j^>JI CjljLil Jj^ejj aj-23 

• (j-* 3 (jl^~ '"'"0 < lalla^a _a-(fc La < 1 1 n~>- *> a a la * V I «. |j^>- 1 

^kisj o-^>Jl ix^^j^iU cjIjL^I J-.lIIl.^j (Fuel-injection pump) Jj^jJI &*>. ^^^ - s 

.(Transducer with EGR valve) ^l»i\ oljLc ^Ujl f U^ - Y 

.(Glow control unit) c&*^\ qU^jj r ^~-ti sjo.j - r 

.(Diagnosis display) Jk*jl >j ^j^ i*.y - £ 

(Y) J^auii pUalll «.lj-3-f Ml 1 ftj»"tlj Q ) J^U ,*. aUaiJI Jalaia^ Ml j-tallL -Ij^VI oJufe JaJj J^^^JJ 



>rt 



'AajljJISjb-^JI 
JjJI JjjJJI j2^ uUum 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







IjljQ^—i rft^Tttlu (JjjjJl (j-i>. SjjI jJ tialaita 



Sensors t^LuLuiaJI 



£iiJi J^ej is^ ^u^ 






(J>il^ £^°J <J^ f SV t ll *^tf"** ^-\/** 



fIj+ji jis: .j-Ui 



ia^^Ji (jijjj Vju jj.l-1. 



*J^^Jl 4£*J**m L^U^i 



j^^aJI JiT.fiH ^La (j-Uji. 



oJAiji LtsJ aiIjjj «&aIM 



£jU*i]l (_^-U*i 



itjj jl^ij pljj 



ECU ^jjjj^-f' -<^'1l oiij 




Actuators Cj^JLLJI 



j_jS $1) ji^i 4 -*■ ^ 



^jUJl iJljli. ftij fL^ JsLi 



kjla*c»i ^3 fSajJ #aij 



»Uii!l (jlia&t (jnj^ i7m 3lij 



Jia»Jl >J £>>■ 



j_yJLjjLi j ^j <L>JI p IaJ a _jjfc «Li Lilt-a ■ Jj g ^-— » I ' p ^-— » ~-~< ' ' j>J^~~ ' ' 4-S&juaJL I ^_ sj- 1 ?" (*-*• O' LJ^-p" 1 t_3 J ' " L*^ 
: i^^J L<J-4 Jj* ("utl l-SjjIs >. 1 1 n-*. till j j dJj^caU J>jJ9jJI 4_ia^= 3 jLjj jl (JjJSj 

. pjLtll oljLc. J-lLSj - V 



\rr 



'AajljJI3jb->II 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 







3 J-J^rs. da a * /j ) inVlLLt.a gjt mi « 1 ,-^3l.L)I ^-»^t I /^ _2_>J I p U i a ^JJ i" , ,|| 4 -y^". . ..t I ^j^'s-tl 4 V ,>,a £_ 

. I j « 1 a j t j_i_L>o dlli 4 ii i n a 
CjLjLuJI *_a L^TujLiLo p-3 ( j_« J Cll— ml 1 »■>!! J_>_a a , ,\ St 1 CjLjLuJI x_Lai>- Jlj>-L) p^-.-»".tl 2 Jl>-j i^J-^-J 
(J^a ui (jyic- /tjLllII j j Laj ! « Jl L<aJI <Jjj9 ^j^a 4_l!LjJU CjlljJiJI f-ia->- L^J Jl»-JJ <_^J' 2j^=I jJI 7njlj_ii £_ AJjjJtXI 
j—JLc J a La-Sell I4J-1 a 9 Te-J^e ualll 4 ii 1 .1 1. 1 2Jl-Jj_>JI *_ lisj JljJuso /,-lc. <J-a-*3 (_jJ-!l O^l * mi alt 4_uj^^= j_a I j I 



j^jj -tiji— *L# :- oljl_j> oL»Li> 




P j,Lrfjjl ^rLiA^ 



\ 



<Le_>»jJ1 JLhj ±i±>j jdL> 



fjUl ^Ijli £ l*jj 



Jlkrfl ^jLiJit io>j 



,i!j>jJI itjj«i j ■Jj^jJt iJ^jLfl ,^jjj 



^ULiJI j$#f 3 



(TY) J^,,t,tl 

4-a-LaILm-a 4 he < <a 1 ^j.^^nJ! p^~~ LSeHll 2^_il Ju (jJL>JI p la * a (Jl uaJI 4_uLi^= i La La -» a v^iaJ 
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^yjiLi^£===» (j-^* P * * ^Jli ** -v*"" "'.I (jJLsiJI <3ej*aj& f.\\a*\ 







. p^— SfcHJI 4-L.L>- 
( (juj^-iU 4^=j^>0 a^=l36j]I fljj ) 4 muiU «JJJ^>JI 

. 4 -»■ i >» t I ^j ,, 1*^—1 a 

. p^-— — "^ 4_JL>. ^^— j^ i La j i ^ f-'ji 

. 4 ^— 3 1) -^ ' I LU3U i^^uLojJV- 

. (Jjj^s al'ul /yu-La^a 

. 4 -»■ I >> I I Ojj (J-U^SJJ (J-°^H 

. JljJ9jJI JiJJJJ 4^e-ua^a 
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^fe 
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(jdul i ii ■> l -ijj— « ., ' "U "_3J ■3^~~* J* '"' a J^~* '"' (jr^- (jj^~*j ^JJ^'i-^' >j^"*" ** *- '--I ' j^^LJkJI (jJL>JI p la-La 

4_ui^= (ja ^-i" i>t,_L>.j (j a ■ ^— > pit (JLtaJI Jaj Mill ^j_a j.i_t3 /jJ-JI p^~~ , ~-" 1 II 4_lL->o ^ uslus j 4jt>-ljJI 4jJJlj1I 

4_uj_£^= CjIjI mi] J^— i ui (_y-lc (jj ^aJ (_jJ-I' J p ^a ~»-" 1 1 2j^>-j ^j_a 4_a.}LaJI t^jLjJJI x a A-JisljILa (j_JL>JI 

ojjJ^j (_£JlJI j i La a ^ I 1 a La Lta.II AJa i ul aj clLJj j (jJL>JI «. Ji_i Cj—lSjjj p'^— ' ■*■" II (j *^- i a ' ■ p^-» i Cj^I t mi a It 
(j •■ ' *— » a *_iis^a 4-^-t.a-i p ^— * "-" II 5 Jo-^ 2jLii| i- i i ii ~>- JaS^JI JlJjjj ■Lse-uax 4^j_C s^iLLal 4_i_a^= £—. p ^-— » *»■" ) 

. 4j^jI J (j-i>- A '"*■ < «a t /yJ> j' r ~' *l (Jj- 1 ^' (j-^ 3 - * J- 1 '-^ Jaia^eja Tctijj ( ) J^— » Jill j 






iLwuJI .wLtO- 




i 



j^jji j^j 



2^ ■*-■ 




t ^wJFM^3 






. \z°f& ,aLa-i^> _ Y 

. p^^ -tl aJU. - t 

. /j i njViLiJLaj^^aJI JJLiiiil - 

. 4_uj^^=aJI p ^- i ■*■" 1 1 2Jl>-j - *\ 



\r\ 



'AajljJI3jb->II 
IjJI JJJJJI j2^ uUum 



J*> 



n i 



t Jjji ) i£ji\ f>UaJ 














/g J) j ^— > p^-"- ' CjI j AJ^jlj {_y&>- <LJt_«ia^a 4-lL>- I jj I *ljj>.| (j-UJ ( TO ) (J^3 ill 

. ^j <L>JI 4_La^=Lj p * r — I "»■" J I (Jjl i ii a 
. ^ ~»- i ^*- 1 , 1 /) u l~=3 a a I J_u*o allll /i ■■ l=3 a 

0^~ ' ■*■"'! 4_lL>- 
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t Jjji ) i£ji\ f>UaJ 







AJjjIjlII <La- i^olt ^yjj^j^-i rfi^-telt (jJjgJl -aliaj *1j^>-1 



JjfcJl ^jjj 



i^Jj y-U*i ^J" 1 tj"^*-* 



j** 31 ** t^ j rij*l ►L^n jjij» 



^Vj"LJJ'! [JirL*! 




(/^J^JjfS dj»- 




W i^j^f 1 —" 






rt\ 



tf&bLJa 



TP 



fyjj j^"" 1 fQ *^~* """' ' (Jj- 1 ^' (j-^ 3 " ** "J ' » 4-L>-jL>JI «.lj^-2l if^i ( T"\ ) J*^-* '"' 



^VA 




^.5* 



-u^jJI S ^l,tl 



.c^ irT>p II 1 1 1) n i III] -<^ i n II p 1 1 n i 1 1 rin In II niiiinq p II 




( J^jj ) J>3>)! ^UiJ 



J3-jjJI oL^j^a 4_<jU*jJ1 






yH 



1) t 



t JjJi ) i£ji\ f>UaJ 






JjjjJI t_jL^=jj^a 4- (jLk jJI <_>uLjJ3 J U^l J jj^"' 4-uLi^3 i_3jjO]I 5 3jlJl*JI 
. JjjjJI <~.l^-.j— * '£. ' ^/'^— (jL>0 JTJ^J '-^ ^J-*- " 

. aJUlILi (jL>-jJI 4, [ ( n < ^jj/LlSJ 4_ul_uJI AJ^UjJI (JjJLsO - ' 



/V wiJb Sjl Jl^JI <jJl4 (jLSjI ^1 <_>jjuJll J^aj <j| : a $lkX\ i\i%\ £$!*+* 



: 'iJLtLJI JjUjJI 

• c^J^' * jL> -y <-fll Juki (jL23j - 

. AjJIjJI flJuv_^II t-Sljutil (jUjjJ - 

. ajuIjJ! Sjl^I L^ljubl (jL23j _ 



>r* 






yH 



1) t 



t JjJi ) i£ji\ f>UaJ 







<WJ44 



t _ L. t - L L 3 I 



/^L-tJ /jJ-I' '"'' 1 la-Lai] (Ji.LfaJI Jt ("it I ^Jt A-uisLil ^jjj iSduI Cllji i ntl (J^L>- CjjJLlJI 4 l^— > ■"■* 
^2)-« ^--L-ij ^_jJ-I' lLUj 4_u3L>ijj ;_gj^>JI CjjJLlJI CjLi i . ..a Lr-1^- L$3L><-ilj LgjL-ulj.} ^_ Cjj^=j (_jJ-!l 4-u.lII 4jUaj 

. (JjjjJIj (jjj-LJI L^lCjJj (jr L>-l jJI ijlp^-^' CjL^=j^ta 
i CjujJUU <ulajilll 4-L^soJI (_ 1 1 n ill 4JjLiLa (j-uu ( ^ )J^~* '"' Lr^"^' (Jj^^'j 



/ 4_L»Jej>Jl 4 1 1 ii ill - CjUjJLL! 


JjjjLdjj** 


(jjj-Ll l4js*a 


Carbon monoxide CO % 
Oxides of nitrogen Nox % 
Hydrocarbons He % 
Hydrogen sulphide % 
Soot mg/LD 


0.2 
0.35 
0.04 
0.04 
0.30 


6.0 

0.46 

0.40 

0.007 

0.05 



(Jj-O J^>-lj Oi}-'- 1 l -^> J>,l i ClUjJU-L? 4-L»se->J| i. i i ii ill (j"*-^-> (Jj^*- 



' 'J -^* J .' ^~~ > (j-° J-.*- 1 -*- 1 l^^li (Jj -1 ^' '** ^~~*J "*** ^seZuH i^j^' ^jL>-JlJLi i_3_jj_til CjjJU.1 j)J i ~~'Ji ' "J 
(jl li-J^*- iL^is dllji i nt J|j_ljJI CjL^=j^ta (^yjeTiloj ^ii'^l <_>^-' call (Jjl i"itl (JljLo (_£Jl!Ij J|j_)jJI dlL^aj^ta 
. (jL>.jJL) (JjUsJkl aJulII 4-)Jj i_i-L3eIll 4_»-L>JI i. . i . .it Ojjt^ta -»■ ■ i ^-" Ll!j_x-«JLJ (_g j i ^ 2 J I 2jJl2JI 
(«L— l>- J|j_ijJI CjL^=j^ta jOLc ^_ <>t-t-i-LU (jL>-jJI jj^o OLiaLa-LI 4_JL ua.flj 4_i_uIjJlJ p a> call I Job (j — " *- J 
ajJ^aJI (j2 I j la ' J|J_)JlJI d)l ^-»j Scj9 aIJlJt" ml ^j_a -L--VJ (_jJ-JI 4j nu^jJI t_ij jttl Jlj>-I (jL>-jJI I Jcjfc (J-Ii-4-l 
. (jL>-jJLl (JjUsJkl AjLtll 4-)Jj t_d--vj 2jj)j_ii5 (. 1 1 i ii< ajjji^ia -»• ■ i ^-" Ll!j_x-«JLJ ^j LtaJLl I 
jJ-SejJ j—ILlILij 4J (_ii i ii U j J LtaJL I i. i ui> Lr-^- cJj- 1 ^' ' - ' ^~*J ~" " (l) - " d - Lt - 1 -^-^ (jLi.jJI (jlj-tt ^j-iLuJ 

JjLi^jJI 4 i i ii < ^uL_l3 L^lLa i-ul^J q ^— > *\ ' Sj j-*- 1 J^>-jj I o^-» (jLi~ jJI (J jlSHJ 4 aj^UI p^~~ '"»■"' ll 4_2jjJa 

. £Jl>^J| <7_Lit J^Li. 4lU_oljJ p"M i n La I Jakj LiJo^l a Jl^t" i u i i n 



> t 







Jj.jJJI uLSjjm ^ <u$£j uUulj jli-JJI 

JjjjJI tiJj^ta O^ ^-rP* U^H*-^ CjLjJiL^jSIj Lg-La 4_>jLL!I CjljaUtl LlUji^aa (Jj^l CjL^=j^ta 4- <3!>^^' 
CjI S-uIaJ £_ U i n I j IjLifujJl ' _i i ■■"^— I I Jl-J j SjJlJIJI Jl_lI_jjJ 4_jjIj^>JI 4j ^ . -V.aVI CjI Jl^-jJI J ua£\ {_yi Jmj 

. aJLlSIlII a A La i -j" 1 1 d)l '^-*j II (J a '""< 2_UJl£. 
'**" ^3j a (_^Ja-itJ ^_ J|j_iJlJLi (J-g-tj ' _ ' I *— -j -» i ' jjjj—LiJI d)l ^— >j seja (J I J i" i nu [^-^-l ,al_aj-(i>zl I Jlj j 

. oj lx LtaJI CjIjL i ullj (_k.ul>J! J-S-LJI 
jj^a (J-31 AJS^Ista j-l£. CjLJ_o-Ij^= jjJlxA l1UJl^=j (J_o-Ij^=3lJ I Lli ■<^-»l Jji J|j_ijJI CjL^=j^ta /oiajLA ^j_a tC-t-i-Li 
*> JJ a-g ^_ ^j^ijL^m j-<-C Jjl/-'- 3 ' - ^' ' C^ >-^> ^j-a ^.lThj (_jJ-JI CjLi_altl (_>ia-*-i Li!l_ok ^j^ i la i jJ>-'- L ^' ^ J '-^ = w >- :!e - a 

. (Odor Constituents) ^riinllj^ ^1 oli oU^m - ^ 

. (Visible Smoke) ^jJti <j^jJI - v 
.( Noise) ^Li^i - r 

ia^c. (Ji>-lj 4jL»U aJJuLla *J9lj-« JlIc ^1 JJI (JLt-ifu^l CjJljso <^~p>- JJLh^-^' 4-Lla-tJ 4^e_ijj CjLjjUI OJJt, /*J-<3 

• JjL" 

. Jj-JjJI DJ^a j— a iL. 3!>^^' 4_lU-*J SjJLt-Uj <Ja-pJLl i_3ajJal! lj Laj 

: aJiJutla (jl_aJL AjUJI IL. ct.«jrj ^Li-jJI ^La 
(Jjjifl ~ (^JiLajJI jl ( _ ) ia T u^l - Jij^u^l) 



> i> 







: (Cold smoke) jjLJl o^-^Jt - 

JLa^.^1 ju£. j| J-a^- }UI i!L>. IL. 4j-aL>oj (Jjl>t>-^M Jj^*-« ^Liisol) 3!>^»-^' ^la^. o~"^ Cy 6 ' <lt "'^- j 

jl JjLJI *Uj^' f« LuaiitlJLl Jl_aJ-^l J if 4-LlHII -ij\aj| 4_La^=J i_dj-L«JI ilaLkJlj il^auSJLl /olLfllij 

. -SjLj-51 2*iIjU , ,.VI (jljj^so .i^SjJI (jjj^a^ili 

: (Hot smoke) ^LJI oli»jdl - 
*J l$jV (rLii-oJl) j^j^=JI ol -v—-^ j j^"' a (Over nch)ljL3- ^^ Jaaist^j ,3!>^^' 'Ar^^^ts 

-SjSaJI 4-uj^=J Lla^oJJI La-LaJI ( _ ;r Ll I^LaTuil Jijj-u^M Jl TtjLflJI (_£.}LajJI <j_al!l <j-a <jL>-jJI <j_aj rjJuJJ 
. 4_JL»_JI CjLcj intl ji Jal^-itl J_aJ>JI Jta£. *l_a-JI ill! 4_3t_uj L-uL-ul Liiojj (jL>-jJI I jufc (jl£ I Jl£JJ 

. ' La I -•- II 4-J a-g (j^ ' "* ' J I (J-"^* 1 -!' J^ I Sj ' <_lUj jj^a ^j — l^'tl ^j^— ■ i 'J 

(<SJ I Jl «Gjj_i-i5 -» i : -"" (_£JlJIj (J-aL^s J- < - c - JJv-'-*"' l — i 3J~ > - '- ' ' ' ""' L3-^ j-^Li*JI ( ) J^~~' ■"■ lLs La -»■ I , I (j-UJ 

. 4j LLa-L>JLI _a^><-I' 3jlj-». jl udj^ejiil 4 i a a -»■ * I , I Sjlj_>JI 



> it 






>»J 



n i 



t JjJi ) J>2>!! f>UaJ 






4-flllie 1 1 4_c>02l p'j-it ^)j^~'" <_)Lu-ul 4_lL>- Sjj i/mj^ 1-^" i ■■ 4_lILjJI d) LLaiaJeJL I a (Jjlju>JI 4-ujIj.} 









jOUJI^cJ 


1 u^— > <jL>0 












A\^nr„ 


J (- C 1 1 II 






(jii-ul (jL>0 










3jj^ O 1 *-* 


bb^-" ^j- 5 


\ 




^_ Cxjjj^lJI C^jj ^ n"i i n a - 1 


J^ ;i ;„ J,^ |^t 








. iljjls J-a^^U! S^la 


Y 




4jxo Li. j j Aj^j _ 


r 




■cSM 1 


. * LgaAJeJLq ^1 +" i"il 






. oLaUi^n aJj! J^=g - r 


5 1 1 n o ^_ ^ 1 a_A 4^>* 9 


i 




LLL^JtoL^2_J^=G - i 


.jijJa^J! 






jIj^-4- jI ( jjLlAJ! ) 


^_LC ^j A3* dt-tJSoJ 







. r.ijU ,„vi 


. 7T J"T <.*■> 






. cdj^ai^jm^-KJl J^=g - 


(J^JLJ 21 (j-^^-j' AjuLfl ~ 


~\ 






2~,~,^ JSwU. 








j <*v i"*l &\ ^ 1^. 11 « U 1 .^ 


V 






. ^_Jl_u 








j_lc cjLfuLijJ! 4JL»- _ 


A 






. dJ^ T ^>> 








^tHJ-^-JLA*-' 


\ 






. i-iIMjU ,„VI Ji.|j> 











(OJ> 



^ if 






>»J 



n i 



t JJJJ ) tytyt! f>UaJ 












^UJI^-lJ 


1 l"i^-> <jL>o 












(_£.}Laj jl -ij-i-ul 






jjjj^j^^m 












jjjj^j^^j.1 


4_i_U^L<-UJ 












a 1A • < ^M 


^yic J-4JIJ tiJj^J, l 


\ 


Jjl^ILs.! CjjJls. aJ^. _ \ 


»U,,.j« a i« Y o • • c 1 ^"j 1 








. *-djj>J>\ Ji-loj 


J-JI 








?rjTin y-^- *— 'ri^ 9-^ _ ' 


CtXJ (J-«-*J l "H> :>l i' 


Y 






.pistil 


• lhh^= Ji*-^ t-SJJ-k 








(j-2J>Jl dt_l3qj AjuLa — 1 


ji j* i . "i a *!_jjj! ^Sio 


r 






■*■ ' "*" ' ^ J '~~~' ' " ' (J 1 * ' * 


. (J3-il^£. 4_i *'jj' (J^a-^ J' ' "° 








2jJ-i ^_ *!j-li -^J-J * 


(j^j| a£. «Li ajLjul jLulo ~ 


i 






. .ijJa^JI (j-i>. 


^_LC ^j A3* dt-tJSoJ 











. 7C_tTS_LO 










^-LC (j-^JI A J O^" 1 


■\ 








. 4^t_tTS_LO 










. 4_u.Jj Aj^J ^-i^J- 1 _ 


V 








^_U_t_u >_LC a! ^~~ 1 3*1 ~ 


A 








."" rt ' o ' gal] 










^_LC CjLful < M>Jl 
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. 4 o il ... 
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t JjJi ) J>2>!! f>UaJ 
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>»J 



n i 



t JjJi ) J>2>!! f>UaJ 
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( t ) JJJLV 

(jL>»jJI (J-uLlII 4_!j>LuII £a}L«l! ^jjj^lll Jjj^JI 



> n 







: (Effect of Fuel) jjSyi^ufcj = Vjl 

>JiL«JI IL A-LapVl jj ^— " (jr JLlj Jj_jjJI '"'1 * : — -J — a IL. (jLH-^^' ^-JUil (jr^ 1 A9^-^' j^l .-»-^- jjjj 

: ^a il "•>-*■" aSJb saJb] (j-a_J 

^jj v _^ ^b cJiljij ^ Ulj jU-iVI 4iUr sp^ ^ jiijj ^ jJI (Cetane Number) jb-uoJI ^j 

: (Jj_ijJI CLil^sj^eja ^ya £y aJQJeja (j-LCjj (j"*- 1 AJjLiLa ( V ) J^— » ■"■ (j"*-J->J 

. JUuiVI <iLa£ Sp3 cJJ9 (jlTu.mil ^j jlj I jl 
l£-SJJ U-4 aJLJS £J>uJI 3!>^^' 4uLie. *JlJ Ju£. ^Jl Jul JLtTui^U JjLdil ila-tlkll A-ui^a C^Jb= (jr^bJLl J 

. ( *(jria-ill jjlp 3 "^' 4JLs-j-a) iJbJI il^jJ,! 4- JJ%J1 pfc»«* (jJL>. Jl 
( ^ ) J^aufu. ajUJI IL. 4JJ0VI Jjjk ( _ , j , „j Lj_d 

: ^jiLja j-tc. (jJi». dili (J|_>jj>.I *^>^ ~~ ^ 

. (jL>- JlII IL SjLjj <- I J I nj (jl~M I rltl /<kJ9j *_3j 

. I j <^>» ' *_a *> La '"j a J>jJ9jil (_^a-il '^^ (jV a jJLfc^a •- ■ i -■*" 4 L^a uJu (ju2 I JuJ-ij 
(jjjJIj 4_».j)jJLJI 4_ j_<Ju 4-LS.LLia-Lm till j (ju2 J>jJ9jU j )l LauJI 4j>-jJ ^_j_l*3 CjjJl>- (_paj_<L) (JlTu.1 (Jjj i u (JLc 

. j_£jj>. VI (_^a-il LaJJI j j—CjjJI 
(jjjJI jjjG) 4 aJuicja 4 Ll^aa (4_».j)jJLJI jjjG) i alLseja 3v-^*"'J (j )l LaUll j "il") a Al"-»^ bljj 4_ie_ui ,jj^~~ '^' "J 

. 4^>Jl_Lll aILLiJI uLa^J j| ^^-i^— • IL i_3>Ll>.l Cj Jlj>o ^Lllbj (^yijiJI 
CjI Julaj i_l!j^>Jkl pjj (_yic SJmiI J-»Cl<j (jL>-jJI (JLc. Jij^jJI (_).ajl ■^■■^j 4_lCjj j_uG (j| y"u i ni tillj ^j^a 

( Y ) J^-l i"i . tiJj^sJkl (Jjj^*"-! CjL>-jJij (j ri*«.1l 



> iV 






yH 



1) t 



t JjJi ) i£ji\ f>UaJ 







f\> 




650° F 
200 250 300 340°C 



(jl lji ni l ajSj 




200 250 300 



650° F 

340° C 



^ iA 







: (Injection Timing) <>2^J| c^£ = Li 15 

. j-iI/Lil ^jJL>JI CjI j J|j_ijJI CjL^=j^ta ^_ ^jJL>«Jl 4_il JlJ /<ujJa3 

. «.L5jJI (j-«j (JLlILi jLjjj I j ^— > ■ a jjL^ 3 *-^' ^-fL-c «.L^jJIj «jlj^>JI 5j>.jJ 5-iLj ^LJLij 

: ^J\ i^-S|-> (j aj^JI aJlSj ^j^— da ajLJu (jL>-jJI sji^fu ^j^a JISj L^JI Jl>-j (J^alj-*-!! OJJt tj^=s 

. ?\ is* <\i'/>\\ oJuZj ~ 

. ^JjL, >JI J Lt^3L-ljU=L-dl cjLL>L>.^M fLujI -' 
. aJiLJI SjIjjv 4j>.jJ> 4r 5JS -~ 

. ^j^j^JI JL-ill .U...j~.t | U; ,^tl £_ ;oLj - > 
. JLuiVI s>a Jjla -° 

.A^jJlILi .io^jil ilai '^tl IL. S-iL) LI 4-^-iS ^ L^aJSl Jl (j^>-jjp-^l jL4-mL=a| J'^>" 

: i U>-^\l » CjL>-jJ V Jl (jJL>JI C^-l2oj j_l»-Lj Jtl£. 

. <jL*jJI JJaj "' 

. JJaj AjLJI 3jIjj>- - ' 

. Jl^j -Sj^ftJI l£]}L>u-uV (j^-J-^l (Jjutil - ' 

. (JL-dJI i La i -j" 1 1 i La » i ia 1 1 *_jjj_) - fc 

. JL_ii^l iikc Sp3 j L<aJ3 -° 

. ^jJL>JI C-U-fljIi] 4^»-jJ (J i>><a| JljJlJso ( T ) J^— » ■"■ (j-a I **^-» q « j 



^ M 






n t 







^e, 







:( Rate of Injection ) ^2^i\ jjuu* = isiti 

.(«QjL$J JJ TcjJI <Lil JlJ jj^a j^LfujJI L^j t" i n < (Jill 4_lLojJI cjUlo}] ^Jt 

i ajLlJI IL. <jL>-jJI (j-a Jjlrt'tl IL. ; jjj^— • 4_JLta JJ ^jp (>^>JI 4.lL^i Sj| jj IL. j*— *l cj^jul* pLSjl 
(JL>-JlJI (JJLSj ^_jj-II '~<y c I alii ^_jjj_^= ^j i »■> i JJ (_^ji|3 ^jJiseJu »j ^— i 1 1 1 ^ » j LI I ^jl «J^1 ,>.<! Jjj i n 1 i^~~*j 

: iL. '-<j '■"" j^— tj . ijLtll iL. 
. s I i a ^ uaJ I <£_ Sj ' l=3 2 Ju j ~ 

-. (Injection Nozzle) ^LijJI i-j^Sj jjl^j fu^aj = UjIj 

. (jL>-jJI 2-iLjj JJ l^-^P ' . ' ""' ^ j UaA ,y.t) (Jjla At i uj «->Ljj (j! 1 -i^-— 
*> alLJe^a CjLiLijJ <— ij^3 CjI j CjL^=j^ta 2 JlC jj^-i 4JjLiLa (j"4-> ( £ ) J^— » loJI 



^e^ 






yH 



1) t 



t JjJi ) i£ji\ f>UaJ 




liUUT 



$ ^ 1000 

£ 3 eoo 

1 1 600 



^5000- 

■J f 4000 J 

* 1 3000 
=3* £000- 







SH j*j 6 






o 



40 80 120 160 200 240 






^et 







: Inlet Air Temperature J^IjJI * I^JI Sjlj^ i^jj = L^Lk 

. 3!>^^' ^J-^- J^-'-i ejlj^l ^-J- 5 SjLjj JJ lS-^ ^J^' <J1 (J*- 1^1 *l^' 'j'j^ ^-J- 5 2jl ^j 

CjLjjJUI (j-o 0>J-C.J (jjJp^aJI ijj^- 1 " JJ ^J-iJ-il ^pL-L^f^ 3 ^' Cj^icLolII i dJji^aj 

: _i ' la '"j a (j^>- 1 ' »t I «. I^jj I j-u G j)J*—~ ' ' J 
. 4_je_i]l (_^a-il uaa. - ' 

J>jJ9jJI JLc <U^5L>ijj 4_jt-t]| (JUii-l «Ji^>. £ys (_)12j (j-Lta i La * < a Jtlc s-L^J' «jlj^>- <L*-j.i ^Ljj ol < --"t!- > " 
4_j*.jJ> pLajjV i_ta»Luail jLc. J^— • '"■■ fjAc jj ^— J (_£JJI -SjSoJI ialfl^ri J-iiaj J I i^JjJ U-4 jjllalJI *J><-u 

: JJ i^Jp J^sl^tll oJl4> J^-— isejJI Lljj JJ"' JJ i^JjJ Lj-4 »jlj^>JI 
j—IJljla _}|j>j_i ajlj^>JI 4_»-jJ ajl_jj_i (jl I o^-* j^LiijJI (_ij_5j ^j_a (_)j_2Jl_i JjJsjJI ill jj i La a j ^^~'J "' f-Lojjl 

^_!j_2j t >a vj-ULi (Over rich mixtures) .UM-UI *Li£l 2j,Ljj JJ ^^ dJij jl SaJVl jj-j^l 

. a\\i\ u . „VI ^jIjJlj^ ^j_a (_ij^Jl_i ^_& I -i^~~* i_JL*a dili o 1 njt lLs L>J I .J a-g S»l a^-i ^jj ^-1" C— ^ ^liLfujJI 

'~'t j^-j a ljJ ^-. A"lt 4-l.i-l.u.U Cj^LcLalll ajLjj JJ i_dj^>41 Jl Ji-I jJ! slj-jJI 2jlj_s» i^jJ f L-flJj! i£J}J 
<L>-j.} pLfljjl (jl-3 (J-^l j-jLLG <^>-J-S ^J -ioJ9j aI JiitL-uL) ^j^aJj AjLtJL) (jL>-jJI tjuiu pLajjl 1. 1 j i »j L<j-a Jij^jJI 
4 i 1 . nil <*i\l g 1 all I ^j_a j <^-»I «_o3j_a (Jj^jlxjj Sj ...^-.jtl <~<\l ^ 1 A",tl C-jl , „"< <_ , { , „"< (Ji>-I jJI «.lj—JI 2jlj^>- 

. *I^«JI 'j'j- 3 * - ^■j- i ^^j^ 1 o^* - ^' 

: After Injection or Secondary Injection ^lill cy>^\ = L^jL^, 

(I )nhnhT1g)» U^'tl Jaj-Sjlll ^j_c • a ^"^-J J-^J l5j- 1 '— "' U ^"-^' ' 1* « < "JJ (j aa>Jl ijL^j Julj La J-4>J 
I JwJj (J-a-tJ j^LfujJI (jj^~* ' ^1 LaJtlg. j^LijJI 2j_iJ s JlcLS j-tC Jj^aJI <_ 1^ 1 uJ 4 i 1 1 u ) » U^"t I .u^^*"tl vi—L*. 
*lj|j (jj_ij^=JI J j i ri^-ii (Jjlj o1Jojj-^=jjJl_i-JI ^j_a i^Sj-^- ^1 CjIjoJUIj (jL>.jJI aJtJu (jyic. ^(j^i-uJ jjj G 1 <>ijt 
2j_iJ 4_IjL^ta JlJ£.j ( ) J^-i .". ^^1 I'iijJI (J-2j*- »^J-2 A-iL^J Jljlj ^j aaxJl Jlju La ajjfeLla Cj Jl^so j i_l!j^>J,l 
Jl^-jj ^? '^—f 3 ' ^Lh- 1 *"^' 4jUf *L^jJI Juu 3!>^>-^l ^J-^- JJ -ij^J-JI o-« *>^ lM*"^^ JjJSjJI ?<-LiS ^LijJI 
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. (Reverse Flow Damping Valve) u ,„^-,*tl ^jju j^u. 
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4_u i^a ^j oi '"t I (JjjJa £j£. ^jl i uj j(| a i »-v J I (_L>-Jij (_jJ-JI SjLiaJI ->'j-U (j-a ^SOOtJ T\ '< i ntl j-LLt-l 

A mechanical ) <jLujyi ^jJ ^^a-ul^a-La oola ^ SjLm j^j ^m^mtl jL^JU ^Ij-aVl 

(j^jLj-lJI sjU i^Uoj ijllzj-uA] (.,,,„-< oU^ua <_L^>o j (pollutant of human lungs 

i^jj u ♦ ♦ jl (jrti^-. i^jjA ♦ <>a 2jlj^ a^-jj, ju£. Lp jju^ (^£.1 JJ J^: ^-Jl (Benzpyrene) 

^j-« <L)I JljJI ^_ 4-q-re->- tjj^~~ 'JJ fyd-ill dWJ"^ 3 ^' (j-* 3 ^^^ Lr^ 1 l£J- l>,j 4 - 1 -!- l - i5 CjI qj i n~>- ^2>£- <»JI-lC. 7T' ' ' " *l 

^J\ * ,Y ^j-a I Aj La a (J ua ) ^j-l>- (_^JaJt-UI I j <^>» ) *_a Cil qji »->tl iJjub /<u>-^Ljj (<u^La ( * * - * ) x ^ * 

(j-a 4JL lJj-^=J Ju9 (_£Jl!I (jL>.jJI 4-L.LL.u.a Jj^jJI liJj^ta aJiLc CjIjLc rliuitl J^-JJJ ( jjj ^=» a ) UmlOO 

. i_*Jj^>J,l frjl in" iJL>. iL. Ij^^— j" j"'^— I jj^— jj JjjjJI CjL^=j^=ta c-J^-LC j ;^— I 

Jtl£. 4j-aL>oj ?-LitjJI ii>o i La i "j '£- (_£| (^jLfujjVI 3!>^>-^' ^-°- c ' *Lu* lSLh^^' ^J-^- 4r ^ 'i i u\\ L-^u-<J J 

aj^Lc <L*-ajj_a (jLiic. ^>-J-i LJ <jr^' Jj^jJI '"^''j^-— a j^^~-j" fLa^J^ l>*aj J al^aJI (Jj^kJI Jjt mi" L-Sjjjla 

. ( \V (jlj 'X {ys Jal Q3^a3 IjJL ) (jr^riii^i/^l j-i^ajj^l^ol ^yk: 

^JoiJ r-1 i i ntl jj^a *j^>- i JJujIiJI Lk>j^I/ <^_ 2MjU , ,.VI ~ La ■ -t <Ujl Ju>JI 4JlLa.ll, I ^_ aj 'j^ -1 '" ' _'1^~' ' LA5^ =L -'i9 

-il-SJJ L g^L>>.tl LLa-tiki! LLal>JI Jjut-a (jLfl AJ^tAl! ixaljjJI k£=s j^tl 3 j^ ajLjj-i ) (_-aljjJI t-t^UI J«^; 

: (^yJb La (jr Lc ,j|>^>-^l ^J-^- 4r TT^ ' '"^ ^Lh^ 3 *"' (J^^*- - Jl * 1 - l V La^= 
. y-l i i ntl CjI oji ii^>- £yi (_)j^JLi (j- 1 -» i ..^-»VI \_i^a \j - ' 

S'iIjU , ..VI (Ji-lj r-1 i i ntl «.(_^jj>- 4-jjua^j (_^JlII (j^ajJI -' 
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. f-jL^ulII J^L>- llUjj ^jj-^ AjjLiJ / Y • • 

.(J-«L^= J^>.)j^>JI IJjJi J}L>. tiiljij ^JJ-^5 AjjLii / \ • 

. J^>Jlj gjl ui'tl Sjjj JMa- LiUjj ^J>^5 AjjLflJ / ♦ • 

: ( yl i i ntl ) jjliwjJI (j-uLJa <_3>^ 

. Hartridge £Jj>3jU - 
. Ringelman ^Uii ^j - 

. 4_i^^j V jl t-uz^i i 4_t>- JtAJ (jLi>- JlII (j-uLui] J aL^aJl JJ^JlLJI (jduljrta ~ 
( "I ) J^— » ■"■ <LaLl*JI 5tjj Jj Jaj^ i"i ) L$jjjlJLa /<u (j-«J f '"'j-a 4J9jj (JLc 4-Lui l.tiii Ly-^- ^-a^LtJ (j_ujjlJLa - Y 

: L^-Laj 4_ujjiaJI 4.lL>JI 4 La i ul aj <LaLL*JI 4nni ^jj/LiJS al 



.Bosch Bachara ^Ij^-b < 



LKW 



;jjt*Jil (-.cuiUlj o^lHl "^ ( ^ ) J^=^ u^j Von Brand jJ1j_> ^ 



o% 




20% 40% 60% 80% 

4_all*JI 5iljjJlJ uLajj-iIu (j'V -1 v "w J^"""* '"' 



100% 



4_*_)lj_JI a Jl>-jJI 4_i_ulj.i *L<jI 4_>!ujjJL) J|j_ljJI illj^eja ^_ r-l i i nil j| (jL>-jJI jjjjLjJS jl^>- (j-uJjj3 (<U-Uj/ J 
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5 Xujjtfl jHjJI 

) \A\ JjVl 4-t.ikJl - J^aJ, - (^jjJI c->b^=JI jb - iibj^l WjlII d.-.^t i 

. CjIjL ) ntl J 4_t^3L-L)L^3L.UI <LujJlLJI /0 I rl 3 

jljvIjJLI j 4_u-uljjJI <_<2^=JI icjji^=ja - i tali uaj^l <Ll!I-C. jL*-JI CjL^sjjxjo j JjjjJI CjL^=jjxjo - V 

1- Diesel Engine Repair by : John . F. Dagel 

Copyright 1982 by John Willey & sons, Inc . 
All rights reserved Published simultaneously in Canada . 

2- Analysis of Pollutant Formation and Control and Fuel economy in 
Diesel Engine .by Naeim A. Henein .Copyright 1973 by In text , Inc . 

3- Auto Electricity , Electronics , Computer . James E. Duffy. 
Copyright 1989 by The Good heart -Wilcox Company, Inc . 

4- Automotive Hand Book - BOSCH 1995. 

5- Technical Instruction BOSCH : 

- Distributor Fuel - Injection Pump. 

- Diesel Fuel - Injection Pump Types PE and PF . 

- Diesel Fuel - Injection Equipment . 

6- Toyota Motor Corporation : Diesel Injection Pump - Training Manual . 
7- http://auto.howstuffworks.com/diesel2.htm 

8- Workshop Manual Audi 200 1996 .Service Department .Technical 
Information . Edition 07 . 

9- Tractors and Automobiles . Translated from Russian by S.KITTELL. 
third edition 1993 . Mir Publishers Moscow . 

10- Diesel Fundamentals . Principles and Service by Frank Thiessen and Davis 
Dales . 1988 by Reston Publishing Company , Inc . A Prentice-Hall Company . 



^«V 




Xi 

rv 

tx 

IV 
OY 
00 

1*1 






Y 

r 

A 

<\ 

•, • 
n 

•,r 
u 

Y- 
YY 
YY 
Y1 
Y^ 



4_ajJLa 


- \ 


UJ '' l ' ^""J"** ' '* ' ' ""*" 


- X 


J[*>_ijJI LllL^a^re-a a! J,V,*1, r »l CjVUcjj 


- 1 


J|j_ijJI CjL^=j^ta r_j^_i£. j d)lj_L<j-a 


- 


jjjj_LiJI j (Jj_ijJI Ll!j^ia (j"*- 1 AJjlJLa 


- -\ 


^jjj-Li jj>.| j <J>J-i liJj^J, s-l-iVI CjLii=e_La 


- V 


Jjji'M \jAj ; j^.*<l ,^«^ j i-tl'ij'^-i a 


- A 


(jl~M 1 rill r^Sj 


- \ 


JjjjJI Ll!j^>I "u£.Lpl »jjjJI 


- 1 • 


JjjjJI pl^a j— * *2_ J>jJ9^JL) *I_^JI i-taik 4 j in'i 


- n 


i_dj^>J,l Ji.1 JlJ JjjjJI -ij^J JjlP*-' CjIjVi^ 


- u 


jjl>b»^n 4-tl»f J^lj^o 


- *.r 


JjjjJI CjL^=jJX-<y J)j_LaJI 


- u 


J^JJLTI uli^a ^jb-YI ^> : ^UiLfrlSi^l 




3L)"^ ' °[j^ ' * ,, " , '~ , ~ 


- ^0 


,\s*\ '• i>>\S\ -j a I *\ J \ <" \\\ I 4j<*- 


- n 


Jjj^>JI «.L<jI ajlii^fl "— Sj-ri 


- w 


*l^fjl *LL>. O! j (-Sjj*: 


- u 


"QLlaJI "Lii-w r_3^c. 


- \\ 


2U.„ ,;ll r Aj itl 


- Y- 


JljjjJI cjL^=jj»ja <jjl^*l>.| r_ a^c. f!j-il o-v <ujL*La <JjJl>- 


- Y^ 




t Jjji ) :$JaJi jib- i»UaJ uL£>« j uLSjjm 



*\*\ J|j_ijJI (_y&>- 4-»iaj| ' *^ * i ^-" - YY 

*\A J[^jjJI -ijJsj (j-2-=*- ** n k*'l drv ^JjLiLa - YY 

1\ JjjjJ! £>5». UI^^ i-L^L^fl *l>^! - Y£ 

^0 A * [ yi~,..\\ 4_U_U_UJ_JI J|j_ljJI jj^>- '**" -» '^- " - Y0 

^ *Y _T_fc/ 4 ■v^" i all (jJL>JI CjLie-iia^a *ljj>.i - Y*\ 

MY (jJL>JI /<uJl5j "j^j**- * - YV 

\ \ "I (j <L>JI 4-Lq ^— > J p^~" t^elll 2j_L^j>J - YA 

iyo PF ^ t >2^j| aik^ - r- 

) YV ^^^— jj "^1 (j^>tJI A <JaJI J^ 4-La ■■■;* SJuJ - Y^ 

^T* (jjj/j^—i *>^— \-xHi JjjjJI ->5^j p^>- (*UaJ ~ YY 

^ Y£ 4 -v^" 1 ' u-1 1 1 4^e-L^»ll fyJ> j^~* O-^*^' P * " 

^ VI <Ujj| jJI iie-iiajjl! (-Jj fl^B-ll (jJL>JI p la-La 

UY Jj^jJI CjI^j^ 4. (jU. jJI ( liluflj - Yl 



YT 

Y£ 



^00 rLli-oJI t-oj^ti - YA 



^0V 



£»-WI " ™ 



GOTEVOT appreciates the financial support provided by BAE SYSTEMS 



BAE SYSTEMS 



